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A OBEAT mistake commonlj committed bj those who enter upon a 
systematic course of physical enquiry is, the neglecting to form a proper 
connexion with previously, acquired knowledge — ^the undervaluing the 
results of their ordinary experience as parts of the system — as the first 
rounds of that intellectual ladder, by which they aspire to scale the 
lofUer heights of philosophy .^Peovbssob Danibll. 




PREFACE. 



Experimental science may be pursued to a 
considerable extent, without the aid of costly 
and complicated apparatus; indeed many of its 
important truths have been discovered, and may 
be illustrated, by "the employment of things 
familiar/' 

During my professional labours I have had 
much experience in conveying . scientific infor- 
mation, and have invariably found philosophy 
pleasant to the young in proportion as I have 
succeeded in dropping unnecessary technicalities, 
and demonstrating every fact by a direct appeal 
to the simplest experiments. 

The following pages will explain my plan, and 
may possibly be taken as a text-book by those 
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whose duty it is to teach the rudiments of science; 
or they may afford information to the unassisted 
student: in either case my object will be attained, 
and I shall reflect with pleasure upon this attempt 
to condense the science of The Lecturb-Tablb 
into the contents of The Writing-Desk. 
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CHAPTER I. 

THB SUBJECT PROPOSED. THE WRITING-DESK AND ITS CONTENTS. 
THE GOOSE-QUILL. ARCHERY. ' STYLES OP WRITING. SIR ISAAC 
NEWTON. ATTRACTION OF GRAVITATION. C0MFARISO{f OF MOUN- 
TAINS AND OF MAN, TO THE EARTH. ATTRACTION OF COHESION. 
DIVISIBILITY OP MATTER. CAPILLARY ATTRACTION. ILLUSTRA- 
TIONS FROM PENS AND INK. 

.""What shall I write upon?" was the exclamation of 
a poet at fault for a theme : " Write upon the sofa," 
was the playful rejoinder of his friend, and thus 
originated a delightful poem. 

"What shall I write upon?" exclaimed the author 
of these pages, when suddenly called upon for a 
contribution to a literary periodical: "Write upon the 
writing-desk," replied his friend, and tie advice was 
literally followed. The philosophy of writing mate- 
rials was considered, and an attempt made to convey 
«cientific information to intelligent youth, bV reference 
to things with which they are familiar. 

Let us, therefore, open the writing-desk, and exa- 
mine its contents, with the intention of giving a gene- 
ral account of them, and of pMving that they can be 
turned to scientific as well as literary use. 

First there are two glasses, the one full of ink, the 
other full of pounce; here is a bundle of quill pens; 

WD B 
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bere are some steel pens, seVeral quires of writing^ 
paper, a few sheets of blotting paper; here, again, are 
sticks of red and black sealing wax, and plenty o£ 
wafers; het6 a penknife, a hone, a strop, a paper 
knife, a wafer stamp, a pen wiper, a round ruler, a 
black lead pencil, a piece of India-rubber, a box of 
lucifers, and a white wax taper. 

The goose furnishes the qtnll of which the pen is 
formed, and this is of greater yalue than its plume or 
feather. Formerly the feather was the more highly 
prized, and exclusiyely employed by Ekig^ish archers 
to wing their cloth-yard shafts. 

Although archery is* no longer employed in warfare, 
it is much practised as an elegant and healthful exer- 
eise, and Ae best archers prefer the goose feather as A 
wing for their fleetest and surest arrolrs. 

Historians inform us that previous to the year 63^ 
the use of a quill pen for writing Was unknown, and 
therefore the ancients vtrrote upon tablets of wax, with 
a sharp point of wood or metal, called *'a style;" frote 
which cirettmstance probably originated our usual 
expression of ^^ styles of writing," as applied to c^ 
ferent Jdnds of literary composition. It is my intent 
tion to write these few pages in *^a fainiliar style," as 
nearly as possible like that which I should use ia 
talking to you. 

Beekmanaa, the author of a curious and interesfmg 
work, entitled The Histary qf Imentians, remarks, ia 
reference to the importance of literature, nad the 
beneficial changes which it has wrought upon the state 
of society, *^ Had the ancients been acquailited with 
the art ^ employing quills for writing, 4hey would 
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tindoiibtecU J liaye dedicated to Minerv^ Hot tlie owl, 
hat ihe goose.** 

The unfoitttkiat^ goolte is most efaelfy treated «6 
Itemisli Qfl with these 'beautiftil quHIs; ^ey are lio- 
lentlj plucked from its wingd whilst it is still aliye! 

tHiat torture the poor bird must suffer! If a lock 
l>f liadr were forcibly torn £rom your head, you wo^A 
¥eel excessive pain; if but a portion of your finger 
tiiail were suddenly wrenched off, the pakig woidd 
almost cause you to faint; then reflect for a moment 
Upon the excrucia^g agony that the goose must 
endure, when three or four large qidlls are savagely 
tinatched from its wings. Why, the reiflection mcdces 
you shudder. I hate no inish to dwell upon this 
jMnnM subject, ihereftre say no i&ore;-^figttrativd[y, 
**Idrop the pen." 

Now I will actuaUy drop the pen from my fingers; 
there it is upon the floor. Why did it fall; why does 
it there remain? 

This may appear a rery silly question, and you may 
l>e ready with an answer, to the effect, that *^ etery 
tiling will fall when no longer supported, and there*- 
fore there is notUng wonderful in the pen falling and 
tenudning on the floor." 

Do not' be too hasty; do not be itoo sure that fliers 
is nothing wonderful about the fall of the pen, for 
tery simple things, when properly considered, will 
of);en present a great deal of useful and curious inform 



The great Sir Isaac Newton saw an apple fall ftum. 
It tree in his orchard, at Woolsthorpe, and, with all Ma 
Vast knowledge, was at a loss to aecoimt for the ftct 
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Bat he began to consider why it should fall and 
why remain at the foot of the tree. No philosopher 
could tell him why, and he was not satisfied with a 
Tague answer concerning even this apparently triyial 
occurrence, and of others similar to it. 

Newton accordingly studied the subject well, and at 
lepgth discovered, that the earth possesses a power 
of attraction whereby all things are drawn towards its 
surface, and there held at rest until they are disturbed 
by some other force. 

This power he named attraction of gravitation. It 
attracted the pen towards the floor, and is now holding 
it there. The pen will never move from that spot 
of its own accord, for it is, not a living substance. It 
was once living in the wing, and subject to the 
volition of the bird, as your nail is living in your 
finger, and subject to your will; but being torn from 
the wing it is now as dead as your nail would be if it 
were rent from your finger. 

You are endowed with life, activity, and strength; 
you are permitted to exercise these qualities within 
certain limits, and without the slightest difficulty you 
van move that pen, you can pick it up; your living 
power overcomes the downward power of the earth's 
attraction, as you move the pen upward, in direct 
opposition to it. Place the pen upon the writing-desk, 
and there the attraction of gravitation again holds it 
at rest. 

The attraction of gravitation holds the writing-desk 
upon the table, and the table upon the floor, and it 
would do so at the antipodes, because the power pro« 
ceedsy or radiates in all directions alike from the centre 
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of the earth, or the centre of gravitj, as it is called; 
in the same way, to use a yery humhle simile, as the 
spokes radiating from the central nare of a wheel, 
attract or hold on the rim or felly. The feet of the 
inhahitants at the antipodes are actually opposed to 
onrs, yet they are in no danger of falling away from the 
earth; they are as securely attracted by it as we are 
who deem ourselres perfectly safe, -on what we erro- 
neously call the top of the globe. 

You are probably aware that the earth is a vast 
globe, nearly eight thousand miles in diameter or from 
pole to pole. In comparison with this giant mass we 
are but particles of animated dust, and though by 
our living strength we can, for a moment, oppose the 
attractive power of the earth, as by springing or leaping 
a few feet from its surface, yet the same power draws 
us back again as it breaks the force of our leap or 
spring. We have no more chance of escaping from 
the huge sphere upon which we are chained by this 
attraction, than the fine dust collected upon an arti- 
ficial globe during the sweeping of the room has of 
falling from its surface. Turn round the globe as 
you please, and each particle of dust is attracted by 
and held on to its surface, as we and all other objects 
are attracted by the earth we inhabit. 

You may ask. Is it possible that we can be such 
insignificant particles in comparison with the earth? 
I answer, We are, Jind I will endeavour to give you 
correct notions regarding the matter. 

Suppose we were to take a rope, four hundred feet 
long, having a loop at each end, and, fixing a stout 
stick in the ground, were to pass one of the loops over 
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it; tben, passiog the other loop orev another stick, in, 
ojdeir to keep the rope stretched out to its full lenglJbig, 
to walk round with it. Bj the time we bad vetumedL 
to the point from which we set out, we should haT9. 
described a circle of eight hundred feet. Now, such « 
eiffclo as this would be nearly twice as broad as the. 
h/eight of St FfetuTs Oaiibedrd, and would occupy % 
much larger area than LincolnV Inn Fields, in 
London. 

Imagine that you could obtain a wooden hoop of 
this immense si«e^ and that you could cover it witb 
paper, as a tambourine hoop is corered with parch** 
ment If you could set it on edge, like a hoop, its 
upper pact would be eigbt hundred feet high, or 
neejrly twice as high as the gilt cross upon Saint 
Paul's. 

Imagine this <^cle to represent the earth, and sup* 
f osa a strip of card-*boaid, six indbues long, to be placed 
npon its upper part You would be unable to se^ 
thisfrom the ground; and if it had been put on the 
eircJe without your knowledge, and some one bad^ 
you notice that little point sticking out, you would 
answer, ^I see nopoiaut, Z only see agreat and perfect 
eiscle." 

Is this little point to denote the height of a man in 
^emparison with the earth? 

No; tho point is to represent one of the loftiest 
mountains in the world; a m^ountain of fire miles 
pexpendicular height, in comparison with the earth, 
fight thouiBand miles in j^ameter, upon which it 
Itands; and man has ner^ ascended fire miles abore 
tho earth, eyen with the aid of a baUoon. 
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So huge is the earth, that eYen a gr^t moimtaia 
towering from its surface, is as insignificant, in ^amr 
parisea to it, as that poiat is to the cixck on which it 
is placed. 

Again; if^ in the wooden hoop of the oir<4e, you 
could hove a hole as fine as a hair, and scarcely half 
an inch deep, siich a hole would r^esent the pror 
pmrtion which the shaflb of a mine, a quarter of a 
mile deep, bears to the eiurth, of eight thousand milea 
in diameter. Man has aerer descended into the earth 
lower than sixteen hundred aQd fifty feet fironpL th^ 
leyel of the ooean« 

The mouBtaiii is thus a mole-hill, and the mine 
a mere ant-burrow! Then what is a man i« compa* 
insoa with the earth? 

Let us giTe ^* the lord of the ereation" every adyaa* 
tage, and say that he is six feet high; allowiiig such to 
be the case, you could hardly make a mark oa the 
circumference of the circle of eight hundred feet, 
sufficiently small to represent him in his true propor- 
tions in comparison with it. 

The thickness of this sheet of paper laid on the eir<p 
eumferenee of the circle would represent him as a 
giant; if it were possible to obtain sheets of paper 
so thin that seven hundred and thirty of them closely 
pressed together would exactly measure an inch, one 
of these sheets laid on the circumference of the circle 
would announce the insignificant altitude of man in 
comparison with the immensity of the globe on which 
he dwells. 

From this statement, 1 think you will have no diffi- 
culty in understanding that the earth must attract our 
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minute bodies, the same as the artifivial globe attracts 
the dust. 

Let us now return to the pen, whose £Edl to the floor 
led us into this curious inrestigation. 

^*I know of few things more remarkable than the 
strength and lightness of the veij pen with which I 
am writing," says Dr. Paley; "look at the quUl; it 
manifests properties not easily combined,— strength 
and lightness." It illustrates the economy of the 
Creator, in producing a substance of great firmness 
with the smallest quantity or weight of material. Man 
applies his knowledge of these conditions to a variety 
of useful purposes; such as the formation of hollow 
iron columns for supporting buildings, which he finds 
to be stronger than those made solid of the same size. 
just as the hollow quill is stronger than the solid 
stem immediately above it. 

The upper part of the stem is tough, pliant, and 
elastic. If you bend it out of shape it will fly back 
again, when loosened from the fingers; it presents an 
example of an elastic substance, like India-rubber. 
The stem supports the feather part, or the plume, 
which differs in texture from the quill, or the stem; it 
is soft, elastic, and composed of fibres which may be 
readily separated and again united by the fingers. 
If you examine these fibres with a powerful magnifier^ 
you will find that on one side they have iittle hooked 
teeth, and on the other small holes, into which the 
teeth fall, and thus grasp the whole into one feather. 

The power which influences the different textures 
and properties of these three parts of the pen, namely, 
the quill, the stem, and the plume, is designated as 



ATTRACTION OP COHESION. 9 

attraction of cohesion; a power which disposes the 
particles of things lo cohere, or stick together. 

India-rubber will furnish you with an example of 
this power of attraction. Cut a small bit from a 
lump of this substance; then press the two newly cut 
surfaces together, and they will firmly unite from their 
mutual exertion of attraction of cohesion. 

All things are subject to the exertion of this power 
of cohesion, though not in the same degree, nor is it 
even exerted in the same substance with an equal force 
throughout; thus it may be proved that the quill, 
stem, and plume, are exactly similar as regards the 
matter of which they consist, but that the attraction of 
cohesion is most powerful in the quill, less in the 
stem, and least in the plume. 

It may be laid down as a general rule, that attrac- 
tion of cohesion is exerted more strongly in solids than 
in liquids, and in liquids more strongly than in such 
bodies as resemble the air, and are said to be aeriform. 
Hence solid substances will overcome the cohesive 
force of liquids and airs; for example, the quill, 
though hollow, consists of solid matter, just the same 
as a tin pipe, though hollow, is made of solid metal. 
The pen, therefore, into which it is fashioned, easily 
dips into the liquid ink, and when you write with 
it, the plume passes through the air from one side of 
the page to the other with very little resistance. 
• Solids of very strong cohesive force, are used to over- 
come the weak cohesive force of others; thus the tools 
employed by the cabinet-maker are of hard, or highly 
tempered steel; with these he is enabled to saw, to 
plane, and to chisel, wood which is softer. In other 
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ifOrd% be OTeieioaes its ^heflire ftir«e» and faddoas it 
into yariout sliapes, fitted for coQ«^etuig tke writm^ 
detky tbe jointe of whieh are tteU togetki^ by the 
eobeiive force of gluei ae I shall notice more pastil 
enlarlj bereafter. 

You bare an example of the eobesion of one eo^ 
stance overcoming that of another, when yon emptoj 
tbe steel penknife to cut the quill into a pen. Yoa 
can cut tbe quill into as many small ehips as you cavk 
see with the naked eye, and these by the help of a 
magnifier^ you can cut i^to as many more; with m 
finer knife and a stionger mag^fier you can again e«^ 
them into as mmj n^ie, and thus continue cutting 
until you . can find uo knife keen enough, and no^ 
magnifier strong enough to help jq». further. 

You wiU be compelled to stop, not because you hsire 
obtained chips or particles that are absolutely ifkdu' 
visible^ for upon reflection it will appear to you thalc 
they all mi^ht be divided again and again without 
limit if you had the means. You canuot, indeed,, 
imagine them so small as to be absolutely indiviiible^ 

If you say that with the knife you have cut the 
quill to atoms, you make use of a common yet erroneous, 
expression; erroneous, because the word (Uoms signi^ 
pairticles that cannot be cut\ or further divided. It it 
used in theory by mathematicians and other learned 
men to facilitate their reasoning upon deeply sdentififs^ 
subjects, but never in practice, unless the parties who * 
aire talking or writing scientifically^ premise, that by 
atoms they only mean small particles, and use the word 
as short and convenient. 

The quill cut into small particles by the knife thus 
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presenis an example of the divUi&Uii^ of matter. 
7b.6 term matter is lined to denote eveijilujag tbat has 
length, bseadth, and thicki^es^; therefore everythvig 
^hat we see and feel, is mater; eveiythiBg ii| thfO 
nmting-desk is matter for our e^MUBaNm. 

But the small'particles of the qtuill» if heaf ed toge-r 
ther, and strongly pressed into oontad^. will not cohere^ 
^ the eut surfaces of the India-rubber did; they have 
ISko su^h attraction for e^^h ether^ tho least breath wilj 
9catter them; th^ Ipiiife has destroyed a form whi(^ 
neither you nor the profoundest philosopher ca^ 
restore* 

The Creator endowed the quill with cohesive force^ 
whilst growing in the wing <^ the bird; it retains this 
force when torn from the wing; but when once over-p 
^me by the 9rt of man, it cannot be oalled again into 
activity. 

Let us take another quill-pe% and continue ouf 
iiu|iuiry by dipping it into the ink. Why does thf 
mk hang to the pen so strongly that you can cany Ur 
full from the inkstand without dropping a blot? 

Because attraction of cohesion is exerted betwe^ 
the solid matter of the quiU axid tfie liquid matter of 
the ink, with mA Ibrce, that atta»etion of grayitatio^ 
^99aot draw the le^tter away; or, in other words, th^ 
pea Ufts the ink, in c^^sitic^ to grayitation. 

But th^e is a limit to this mutual attxaction betweeii 
the pen and the ink; for if yon dip the pen so deeply 
iii^to the ink th^t it becomes quite full, a^ then lift 
it out, the quitl has not sufficient force to attract or 
hold all this, and gravitation asserts its superiority by 
drawing part away, which, if it fall on pc^er, produces 
a large round blot. 
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Drops of ink and of all other liquids are inrariablj 
spherical, like rain-drops; they neyer fall in a square or 
triangular shape. Blots are always round, or rounded, 
when they fall upon writing paper, and if you hold 
the paper upon which a blot has fallen, lerel with 
the eye, and look along it, you will find the blot stands 
up from the surface in a hemispherical shape, as a 
small watch-glass would do if laid with its circular 
edge flat on the paper. A sphere is the shape which 
all liquids take when unsupported in falling through 
air, as a rain-drop, or when supported by surfaces for 
which they have no attraction, as a dew-drop on 
the petals of a rose. The reason why an ink blot is 
hemispherical, instead of '"spherical, will appear by- 
and-by. 

If you take a small pen, made of a crow-quill, you 
will find its attraction for the ink is far superior to 
that of the goose-quill pen. Dip the small pen into 
ink, so as to carry away a moderate pen-full, then 
shake it; the ink will not fall out of it so easily 
as from the larger pen. What is the reason of 
this? 

Why, philosophers hare discovered that not only 
quills, but other narrow pipes or tubes, even tubes 
with holes as fine as hairs, possess the extraordinary 
and useful property of attracting and holding liquids, 
in opposition to the attraction of gravitation. This 
variety of attraction of cohesion between their solid 
surfaces and liquids, is therefore distinguished as 
capillary aitraciion; a term derived from the Latin 
word capillus^ a hair. 

You can make a very simple and instructive expe- 
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riment in illustration of capillary attraction in the 
following manner: 

Take a swan-quill, a goose-quill, and a crow-quill ; 
cut off their points and stems, clear out their pith, and 
each quill will then form a tuhe open at hoth ends. 
With the feather part of the crow-quill, and a little 
warm water and soap, wash and clean the inside of 
the tuhes thoroughly; then rinse them in water, and 
aet them to drain and dry. 

Pour ink into a tea-spoon until it is nearly full; and 
set it steadily upon the tahle, that i( may not oyerset, 
then take the swan-quill tuhe, hold it upright, and 
bring it down> so that its lower end may just touch 
the ink, and you will find that it immediately attracts 
the ink; gradually lift up the quill, and the ink will 
cling to its outside and inside, as a hlack liquid ring. 

Try the goose-quill tube in the same way, and the 
ink is still more attracted by it, so that it will rise 
higher in it, and perhaps will fill the end when the 
tube is lifted up. 

Try the crow-quill tube, and you will find that the 
ink will rise in it considerably abore the level of that 
in the spoon, probably half an inch higher, and it will 
be strongly attracted so as to remain suspended in 
the tube when you lift the quill away. 

From these three facts you may infer, that the smaller 
the tubes, the stronger is the cohesire force or capil7 
lary attraction which they exert upon liquids. 

Take a bit of cane about an inch long, examine its 
ends, and you will find them full of little holes ; these 
are the ends of little tubes as fine as hairs irhich run 
through the cane. 
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Hold one end of this capillar/ oane in a fifpoonf\ciI of 
ink^ (which should be much thinned With water); 
in a few seconds you will !find the liquid ifppearing 
at, and staining the othfer end, the capillarf attractiott 
of the tubes having drawn the ink upwards in oppo* 
feition to lattractien of grairkation. 

Let us now proceed to examine the jMractical appK*- 
jcations of 4ihese simple experiments. We shall find 
that they enable us to explain the reasoid why ink i« 
detained in the pen, «nd trhy it flows from fhe pen 
upon the paper, whilst writing. 

Take the penknife a»id cut a goose-quill into Iht 
shape of a pen, but without a slit; in fact, make ^ 
tooth-pick. Dip this into ink, and yon will find timt 
the ink will clbig to it, as to the other quills and 
tubes already mentioned; but try to write with Ah 
tooth-pick fdll of ink, and you will find that Jrou 
cannot do so, for the ink instead of tunning from it 
gradually, will drop suddenly into ati unsightly blot 

The reason of this is because you have not confeir^d 
upon the quill the prindple upon irhidi its uiSJitf as a 
pen depends; you have not made the dit, or the small 
capillary channel down Which, in a properly made pem^ 
tiie ink gradually xtms to the paper. Take anoth^ 
quill, and make a proper pen; write a ^Mairge text 
copy* vdth it, and closely observe what happens 
during your production of ^ this specimen of peiimaH^ 
ship" 

As you press the nib of the pen upon the paper to 
form a ^'bold dowtstroke," the slit grows wider, ottd 
allows a large quantity of ink to flow; or, in othefT 
terms, its widened channel is not very ftrcmg in eapa* 



PEN-MENDING. 15 

laiy attractioxi, the fisa^ as wlieii the mi^ sWa^-qniQ 
tube woidd readily part witk i«ik. Upon relieving tlie 
"pre&saxe of your fingers to fortu ^ a fine upstroke," tb^ 
elanfticity of tke nib closes the »lit; a lesS quantity of 
ink, therefore, must flow, or, in other terms, llie eapil- 
lary attraction of the channel is increased; it will not 
fio readily part with the ink, exactly as the narrow 
<^ow-quill tube fordbly retained the ink i«to which it 
tras dipped. Thus with a pen properly mad% and by 
the pressure of jojoi fingers properly moderated, mak^ 
ing now a wide, and Ihen a nahrow dmnnel, the ink 
flows in large or sb^I quantity in due proportion t6 
form the thicker downstrokes and upstrokes beauti* 
&lly dear and diarp, Which are essential to '^ a fair 
«opy." 

But before you hare written three or font copies, 
the continued pressure, and the softening action of the 
ink, will have destroyed the original elasticity ot the 
nib, its point likewise being worn down by rubbing 
against the paper; the slit also becomes tery Wide, and 
remains so, letting the ink escape in undue quantity. 
The nice distinction between downstroke and upstroke 
is lost; in short, the writing is a wretched scrawl, and 
looks as though a great spider had been dipped into 
ink and allowed to crawl Oyer the paper; but the 
pei^ife will set all to rights. By dotting away the 
soft worn-out parts of the pen, you bripg the hard 
elastic portions into proper play, and thus by good 
mending the peri may be worked to a stamp. 

Some economical authors have written large 
volumes with a single pen properly mended, and one 
writer entertained sO mttOh affection for the pen with 
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^hich he had completed a yoluminous work, that he 
preterred it in an ornamental casket But it is 
seldom that a worn-out pen receives such affectionate 
treatment; it is generally thrown behind the fire, or 
stuck with its feather into a bottle of oil, for easing 
creaking hinges and rusty bolts. 

I have stated (page 12) that all liquids assume 
a spherical, shape, either when unsupported or sup- 
ported by surfaces for which they have no attraction. 
How often do you find, after all your trouble in 
endeavouring to make *^a nice pen," that the ink will 
not fill it, but is scattered about the inside in little 
drops. 

This happens when the inside of the pen is oily, 
and the ink having no attraction for the oily surface 
consequently assumes the form of spherical drops, 
(the same as rain, having no attraction for the oily 
petals of a rose, reposes on them in drops). The 
pen wiper is now required to remove this oil, after 
which the pen will probably attract the ink. But, 
perhaps, it will not even now flow nicely, which will 
be owing, sometimes, to the slit being too narrow to 
admit a capillary stream of ink, and sometimes to an 
excess of oil in the quill, or of grease on the paper. 

Quills when plucked from the wings of birds 
always contain oil, and are unfit for use as pens until 
they are cleansed from it, which is generally done by 
heating them in hot ashes; but it matters not how 
perfectly this is done, or how well they may be made 
into pens, if the writing paper be oily or greasy. In 
this case the ink will never flow from the pen, because 
it has no attraction for stfch surfaces. ^ 
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The feathers of all birds, and particularly of aquatic 
birds, are naturally imbued with oil, to prerent their 
becoming wetted. When the goose dives its head 
under water, it rises again quite dry, or if any drops 
of spray remain upon its plumage, they are perfectly 
spherical. 

Throw a few drops of ink upon the feather of the 
quiU, and they remain spherical, because the feather 
is oily, but if you press them with your finger they 
will disappear and stain the fibres in black lines, 
because you haye forced them into the small capillary 
channels which the fibres form by being so close 
together. 

The reason that ink flows properly and is retained 
upon clean paper, will form our next discussion. 
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CHAPTER 11. 

CiPlLtARY AVniAmON. BLOTIDIO rAFHU SAN^ lOUMCIi ^LXJM 
AND OOBAIT IN FAPBR. WMTING ON WOOD. VAUaU|n«» 
ANIX F0LZ8SIN0, CAPILLARY ATTRACTION IN FLANNBL, OUC, 
AND UNIN. CALINDIRINO. FEBMANINT INK. FJFIfJI-jrACJV«* 

rLAnva of fams in fafbiu blbacuno, chlomdi of umil. 
iUtFKtJMVt Aca». 

Wh» quUb wero employed for writiiig at the e«rfy 
period elreed; eteted (pege 2^ the sur^Mse for 
reoeiying the ink was formed by the membanea 
Of tiMuee of a plant called the papj/rut. Thie woid it 
now either abbroTiated or oonrupted into that of 
papery by which is denoted a thin, and, for writing, 
generally a white substance, chiefly prepared from 
linen rags. 

These rags are torn into exceedingly small frag^ 
ments, by the jagged-teeth of powerful machinery, and 
mixed into a fine pap or pulp with water. In this 
state the pulp is placed upon a wire-gauze sieve, 
through which part of the water drains away, leaving 
a damp film which is then dried and pressed, and 
■old as white blotting paper* 

But this will not do for writing upon, as it draws 
^^'^y the ink rapidly from the pen, and causes it to 
spread in all directions. Why is this? Because the 
paper is extremely fibrous or porous, that is, full of 
uttle capillary channels, all eager for liquid; which are 
■^perior in attractive force to the slit of the pen itself, 
^d therefore quickly rob it of its drop of ink. 



If a dfop Qf ink ]&4]i iipfP l^lottipg pa^rs Jon 
Tnll find that it does not remain of the saiae fihap<$ 
^d sisei, as it wo\il4 upon vritii^ packer; but that its 
h^piispherioal shap^ 19 lociti or cpny^le^ i^to a flair 
^irpttlar blaek stain, in ^nsiequ^xice of th^ porosity (^ 
(be strong capiUavy attractioii of the fibres^ of the 
blotting paper. 

This kind of paper being chiefly used to remove 
Uots or superfluous ink f^ooi w^ting paper, is there- 
fore popularly calle4 ^^ blotting paper;" but chemists 
bare ai^Qtheir name for U, as we ^hall find by^-and-by^ 

Merely touch the surface of the ink with the corner 
of a bit of blotting paper, axid you will fin4 the liquid 
instaatly start towards the paper, and rise a very 
considerable way iu its p<xres, in consequence of the 
same capillary attraction as we remarked in the 
experiment; with the bit of cane. 

If yqu wish to dry the inkstand, you can hairdly do 
so more effectually than by stuffing it full of blotting 
paper, which will also wipe out the pen much better 
than the pen wiper can do, because it is more porous;, 
more abundant in capillary channel^ than the clot}| 
of which the latter is made. 

If yoi| make a large blot upon a sheet of writing 
paper, and toucl^ it with a lump of sugar, you will find 
that the ink wil]i rise into the sugar, and Tory little 
will remain upon the paper. The sugar is porous, an4 
exerts capillary attraction for the uik, as the cane or 
Uotting paper. 

Many persons, instead of using blotting paper for 
remoying superfluous ink &om their writings, sprinkle 
a little sand oyer the written paper. This is a coarse 

C2 
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and inelegant method of obtaining the aid of capillary 
attraction. 

The white powder, called " pounce," which yon find 
in the glass on the left-hand side of the writing-desk, 
is intended to he nsed as sand, hut is far more useful 
to remore grease or oil from parchment and veMum. 
It is generally made of the powdered hone of cuttle- 
fish. 

When you have employed the same piece of blot- 
ting paper for a long time to dry away superfluous ink 
from your writing, you find it is entirely stained black, 
and will not readily remoTe the ink from a written 
page. From constant use, its pores have become 
filled, or saturated with the matter of the ink, which 
has dried in them, and rendered the paper so compact, 
that it has no attraction for liquid bodies. 

You may think this remark unworthy of notice, but 
I will proceed to tell you how a knowledge of the fact 
is taken advantage of and applied by the manufiicturer 
in the production of writing paper. 

The materials of which white paper is made, would, 
of themselves, produce a really porous blotting paper. 
But, in order to produce a surface that will bear ink, 
for writing or printing, as the case may be, a certain 
quantity of dissolved glue, more or less, according ta 
the exact sort of paper required, is worked into it 
In papers made by hand, as is still the case in some 
sorts of writing and drawing papers, the glue is 
infused, by drawing the newly-made sheets of paper 
through troughs, containing a weak solution ^f glue; 
but in papers made by machinery, the glue is dis- 
solved in the fluid with the pulp, and thus enters 
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at once into the substance of the paper. In either 
case, when the water is dried away, the glue remains 
and hardens in the pores of the paper, making 
the sheet so compact, that ink will not run or spread 
oyer its surface. You can easily convert white 
blotting paper into writing paper, in the following 
manner. 

Take. half an ounce of carpenter^s glue, place it in 
a tea-cup half full of cold water, and allow it to soak 
for a day; then fill the cup with boiling water, stir it 
well with a spoon, and pour the weak solution of glue 
thus obtained into a dinner-pla^e. : 

Cut half a sheet of white blotting paper into pieces 
about the dimension of this page, and then draw them 
one by one through the solution of glue, which will 
thoroughly wet or saturate them, and in this state 
you must hang them on a string to dry. . 

When the pieces are perfectly dry, you can write 
upon them with as much facility as you can upon 
ordinary writing paper. The glue thus used in pre- 
paring paper, by destroying its capillary attraction to 
a . very great extent, is technically called size^ and the 
paper being passed through it, and afterwards dried, 
is said to be sized; the sizing is applied according 
to the use for which the paper is intended. 

The information here presented to your notice is 
printed upon weakly-sized paper, known to the printeij 
and publisher as "printing" paper, because printers 
ink will not spread like writing ink, and therefore it is 
not necessary to use more size than is sufficient to give 
the paper moderate strength, and to prevent its tear- 
ing, like blotting paper, as you turn over the pages. 
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** Post paper" is stnmglj sifted, and ^ Bath post* 
still more so, beeause ihey ure intended to bear omi^ 
non miting ink. The latter paper is also gkced, hj 
pressure betureen smooth pasteboards, heated sonM*^ 
times between polished iron plates. 

Bat I must tell yon, that either tety highly sized, ei 
Tery highly glazed paper, is almost as nnfit for writing 
upon as the white blotting paper, though finom an 
opposite canse; namely, its surfisice being eottpaet or 
glossy the ink cannot be d«awn quickly into it, attdf 
therefore writing may be wiped away from its sorfii^ 
almost as readily as from a sheet of glass, in whiA 
there are no capillary pores. 

If you will take the trouble to try this experiment 
yott will find the correctness of my statement; and I 
&iay here giye the caution, that you should nerer toe 
blotting paper for remoTing superfluous ink frott 
Writing of any importance, because so much of 
the ink is taken away, that mery frequently the 
pale writing is scarcely legible in the couise of a 
fwelremonth. Tou should, ^erefore, always allow 
^initing of importance to dry of its own accord, or bj 
holding it wiUi the back of the sheet next to th^ 
fire. 

Printing demy, and other printing papers, as well as 
Bath post paper, are generally beautifully white, but 
some writing papers hare a slightly blue tint; this is 
not due to accident, but to des%n on the part of the 
manufacturer. The pores of such piq^ers are not onl^ 
filled wiUi size, but a heayy Mue powder, obtained 
from a metal which chemists call ^^ Cobidt," is mixed 
with the pnlp* 



BLUE FOOLSCAI^* S3 

Colonrmen and kufich^ttB^ eaH ikk iknt po^vder 
^ smalt," or " poirder bine " 

Ti^e a sheet of ^ blue footsedp * ^ It is e^BuMttity 
tailed; tat it in half with the irorjr ^p«r knife, lay 
one half with its ouiside, and the ol&er half with itl^ 
inside, nppennosf ; yon will percdre that (hey are not 
af the same shade laf bhte, the aaisMe being muA 
datker than the tnW(2^. 

The reason of this is that the ddlonring matter, Olr 
Mntdt, is a v^ry heavy powder, and therefore, when 
the water of the pnlp drains away throngh the papei^ 
!lna!ker^s wire-ganze sieve, the greats part of the smalt 
ISettles to the lower ride of the pnlp, leaving the nppel 
side deficient. This accounts for ihe two sides of 
the sheet differing in Une tint, the ouUide being tiM 
which was the lowest, and the inside that wluch was 
tiie uppermost, of tiie pulp, dtfring its formation iiitd 
paper, 

" Tissue paper,* or "sSvor paper," is often slightly 
coloured blue wilii smalt; so is ^Bank-note paper,** 
When the *« notes" are paid into "The Bank," 
Ihey are no longer of commeroal .valne, and laaga 
bundles of them are burnt. The smalt melts by the 
heat into a Hue glassy cinder, wMdi was formerly 
regarded as a v^ great curioflftty, and tiaQed " Bank* 
note ashes." 

If you happen to have an old and useless ciphering 
book of " foolscap paper,'* yon may bntn it in the fire* 
grate, and will discover much blue cdonr in the ashes, 
mingled with a rusty powder, which is derived from 
ibe ink, as will be etident to you vety t/hortly. 

If you have Ihe misfortune to " upset lihe inkstand,** 
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and f pill the ink oyer an unvamislied wrlting^deslr, or 
any of its partitions, what a difficult thing it is to 
wipe away or remove the black stain. Indeed, jou 
can neyer do so effectually; and I think the reason of 
the difficulty will be yery obvious. 

The wood of the writing-desk is porous, or fall of 
capillary channels, like the cane and the blotting 
paper. They attract the ink very forcibly, draw it 
down a great depth, and there retain or hold it, in 
defiance of the capillary attraction of the sponge or 
cloth, with which you endeavour to remove it. 

It is also very difficult to write a direction with a 
pen and ink upon the lid of a deal box, because the 
capillary pores of the wood rapidly attract the ink, and 
spread it in all directions, but especially to the right 
and left, or *' the way of the grain;" thus one letter 
runs into another, and the writing, instead of being 
sharp and clear, is ragged and illegible. 

But in great warehouses, where large parcels of 
goods are daily secured in deal packing-cases, you 
generally see their directions beautifully written with 
ink. How is this done ? "Why, the man whose duty 
it is to attend to this part of the business, rubs a bit 
of chalk, or some powdered rosin, into the capillary 
pores of the wood upon which he intends to write, he 
then dips a flat stiff brush into the ink, and using 
its narrow and broad sides alternately, to make 
upstrokes and downstrokes, he writes, or rather draws, 
the direction in a bold and regular style. 

Sizing the wood would be a better preparation 
than chalk or rosin, but it is not generally adopted, on 
«M»count of the time required for drying. You can 
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convince joufl^elf how well sizing would do, bj dipping 
a bit of deal board in the glue and water, as you did 
the blotting paper, and after allowing it to dry, it will 
bear ink quite as well as good writing paper. 

The best writing-desks are made either of Spanish 
mahogany or of rosewood. These are naturally very 
compact woods, almost like the ebony of the round 
ruler, and ink will not penetrate them so easily as it 
does common mahogany, cedar, or deal. The desks 
are likewise strongly varnished, or polished, in order 
to display the beauty of the grain, and, therefore, if 
ink be accidentally spilt upon them, it may be wiped 
away as clean as from a pane of glass, because the 
pores, of the wood are so perfectly saturated, or filled 
with resinous matter, that capillary attraction cannot 
be exerted. 

The utility of varnishing and polishing tables, chairs, 
and other articles of furniture, consists in preventing 
the wood from being damaged when wetted with ink 
or water. But varnish and polish afford no such pro* 
tection against strong wines or spirits, because such 
liquids dissolve their resinous matters, and therefore 
leave spots, about which I shall speak more par- 
ticularly towards the close of our inquiry. 

There are numberless instances of capillary attrac- 
tion, but I shall only select a few that are immediately 
connected with our subject. 

If you wish to write your name with a pen and ink 
upon the edges of the leaves of a thick book, like 
a dictionary, you know that it can be done very nicely 
provided you press the leaves exceedingly tight. The 
reason is this: by pressing, you close the capillaiy 
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ttliaaneb betweeii the leares, and thafefore tl^e ink 
tannot spread, as It immediate^ does if you negle^ 
isneh preoatttion, because then the ckannels open and 
draw the ink deeply amidst the maigins of the leaT«t» 

The capiUafy attraction of the fibtes of flaaneli silk^ 
linen or calico, of which the pen- wiper is made, confer 
utility npon such contriTance, and yon wonld hardly 
iinagine that the principle of its action is the same as 
that which enables the dyer and calico-printer to stain 
or imbue woven goods of yarioas colours^ Ihe follow- 
ing examine will afford you some insight into the 
toatter. 

Take a piece of white calico, about twice the siae of 
this page, and pinch it up in the middle, so as to fbnn 
ti knob as large as a marble; tie this rery closely with 
string, then pour a table-spoonful of ink into a tea- 
cup, and dip into it the calico; take it out and phce 
it upon a plate, that the ink may do no damage, and 
the calico will appear entirely dyed blade. Then take 
hold of the knob, and cut off the string, and you 
trill find that part as white as it was at first, because 
by the strong tying, the capillary pores were shut up, 
and prerented from absorbing the ink like those of 
the surrounding parts of the loose calico. Thus yoa 
hare obtained a white spot in the middle of a blade 
ground. 

You may vary the experiment as follows. Make a 
0pot of grease upon a similar piece of calico, then dip 
it into the ink; when taken out, you will find the 
calico dyed, excepting where the grease was placed, 
because this filled the pores, and has itself no attrac- 
tion for liquids. 
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Cdico-prbleiB employ gteeOif or tSlj mAaUaiteB fer 
jpteT^ntitig the absorptioii of eolouts by those pcurts of 
the calico that ate intended to roMi^ white, Whibt 
surrounding parts are dyed by capillary attraetioH, 
Sitdb applications are called ** resist pastes * 

Tou will find it more difficult to write u{i»06 plaiti 
linen or calico, tiiaft upon wMte blottiiig paper, 
because they hare eseeedkgly fife»ro«» std^fiicesb Biit 
;f ott can write tolerably well upon the sa&e febriiSs 
ipehen glared, becatbse the gum g» glue employed ki 
€06fe»ibg the gloss, or in ^^teriendeffng" As it is 
technically called, lunds down the fibres ^to A imooth 
sur&ce. 

Before Hnen csan be marked with ^^at retry usefi^ 
substance called ^* permanent-ink," its sur&ce mt»t be 
lYOtted with the "preparation liqtdd" or •* pounce,'* 
which is contained in the largest of the two bottles, of 
a "permaaeiiit-iuk CMie^" 

The " pounce" has a considerable quantity of gum in 
its composition, which dries in the lineb oi c^ico, and 
hc^ds down the fibres; the prepared sur&ce is then 
glazed or ealendefed, by rubbing it f&y hard with lh^ 
ittttooth glass-stopper of a decanter, and after this ia 
done, the writing with the permanent-ink will not 
run. If you have occasion to use this ink, remember 
to employ a quill pen, and not a metallic ^e, which 
would injure the ink and become itself coiftoded. 

Transparencies, and <Mrn^mental blinds^ are painted 
upon mufllin, Hnen, &t lawn, previously brushed over 
with weak gum water 4>r nze, to destroy thek 
poroiEtity. 

These ezampUs wiil be ittffident to filiow how 
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useful it 18 to know tomething about capillary attrac- 
tioD, which, I dare say, we shall have to notice again, 
during our examination of the contents of the writing- 
desk. 

Let us now seek for knowledge from the lighting of 
the paper. 

Tou know that a slip of paper will kindle and bum 
with ai bright flame*; but if you twist or roll it very 
tightly together, it will not bum readily, and why is 
this? Because fire, cannot bum without air, and 
when you twist the paper, you prevent the free 
access of air, just as you prevented the calico from 
obtaining ink, by tying it tightly together. 

Therefore, when you make paper into ^^ candle 
lighters," or allumeites^ you fold the paper loosely, 
or if, for the sake of neatness, you r0ll it into a 
tight spiral for the greater part of its length, a por- 
tion is left loose at the top, to kindle readily. 

Boman-candle, rpcket, and squib, cases, are made of 
paper, very powerfully rolled round cylindrical sticks 
or '^formers," and no paste is used between the sheets 
of paper, except to fasten down the edge of the last 
sheet. Th6se cases are very incombustible, and 
merely become slightly scorched inside after their 
fierce charges have been fired out. 

You can render paper incombustible in the fol- 
lowing simple manner. Dissolve two ounces of car* 
honate of soda in a small tea-cup full of water; soak 
a sheet of paper in this solution for about half an 
hour, then remove it and hang it to dry. You will 
find that it will not take fire and blaze in the flame 
of a candle, like an unprepared sheet. 
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The paper whicli is employed by the "paper- 
hanger" for adorning our rooms, and coloured paper 
generally, is very incombustible, on account of being 
so fully stained with fixed or earthy colours. 

There is a very beautiftd material called papier-- 
mache^ which is made of thick paper-pulp, mixed 
up with strong glue or paste, or else by pasting 
strong sheets of paper one over the other until the 
proper thickness is obtained. It may be pressed into 
moulds, and cut into figures, almost the same as 
dough, and when dried is an exceedingly durable 
material, much employed in decorative architecture for 
columns, capitals, mouldings, and cornices. It may be 
stained with various colours, or paiuted with the most 
exquisite designs, as you see upon tea-trays, waiters, 
and snuff-boxes. 

Enormous quantities of paper, printing ink, and 
paste, are employed for posting placards throughout 
the streets of London, upon the hoards or " external 
paper-hanging stations" placed around buildings in 
progress of erection or repair. When the placards 
become useless as public advertisements, their frag- 
ments are collected, and converted into cheap and 
coarse papier-machi. 

Powdered plaster of Paris is often added to the 
pulp, in the manufacture of paper, in order to confer 
whiteness and weight upon the article. In moderate 
quantity this addition does no harm, but an excess 
not only renders it incombustible, but so exceedingly 
brittle that it will hardly bear folding and unfolding 
half a dozen times. 

Some paper contains more than one-fourth its weight 
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of plaiter; 4ui^ or any other eaitfiy maAJhtHf nuiy l>e 
aoon detected by a veiy aimple proeets. 

Crmnple » dieet of sq^ii pi^r into % b^ thill will 
fill the howl of 9k hurge tobftoco pipe, th^n thnut the 
bow) into a clear glowing fire, and let it repain red- 
hot until no flame riees from it. The real paper 
thus hnma away, leaying the earthy matter as a white 
or grey ash, which can be exammed after removii^ 
the pipe firom the fire and allowing it to cooL 

This experiment will afford you a daght example of 
what is meant by analysig^ or the drt <^ ascertaining 
the composition of things, and I shall haye to speak of 
it again hereafter. Bat { must tell you that all pi^r, 
even the purest, c<mtaint a little, it ought to be but 
a very Uttle, earthy matter, which accidentally mingles 
with the pulp during the manufiBcture. 

White Uottiag paper is an eiiample of extiremely 
pure paper} I mean paper consisting of Tegetahle fibre 
only. It bums iooi« quickly than writing paper, and 
if analysed, as just described, leayes an exceedingly 
minute quantity of white ash, which you can scarcely 
collect, and oertcvmly cannot weigh with any weighty 
and scales at yo^ ^mmand. 

Beautifully white writing paper does not necessarily 
contain plaster, for the pulp and the size are generally 
bleached by two chemical substances called cbloriuef 
and mlphujrcus add. These are rather dangerous to 
meddle with when pure and in large quantity, but 
you can safely make a few experiments with them ^ 
a diluted or weakened state, as I will now describe. 

You have heard of a preparation called ckUxride cf 
lime; this name means that it consists of chlorine a^d 



BLEACUINQ. 31 

lime. Ten e«n pwrdhase it ib a liquid state at tlie 
dniggist'i, ai^d «b oiiiiee pliial-ful will be sufficient, 

BemeiQb€!r, that chloride of Mme is paUomnu^ thene** 
foie neither taste nor smell it^ bat poor it €aatioiis]|y 
Aom the phial into a tearcup, and stir it with a dip 
<^ written paper. Tou will soon gain a notion of ila 
bleaching power, by the writing Yanishisg, but should 
it not disappear in the course of three or four minutes^ 
you must add a tec^spoonfiil of lemon juice, and 
tiien it will immediately do so. Bemember, you must 
take the utmost oare that you do' not iohale th# 
slightest portion of the vapour, which rises upon the 
addition of the lemon juice, for it is pure and strong 
chlorine^ — a more energetic poison than chloride of 
lime. 

Paper sometimes accidentally contains a little chio* 
rine, which occasions a disagreeable smell when you 
open a ream, particularly of " printing" paper. But 
the careful manufacturer endeavours to remove or 
wash the bleaching agent away, knowing very well 
that it will soon rot the paper and render it worthless. 

Chloride of lime will remove ink spots from the 
writing-desk, and after it has performed this useful 
office for you, take care to wash the wood well with 
water, and it will not be damaged. 

When you light a sulphur match, it bums with a 
beautiful pale blue flame, and exhales a suffi>cating 
vapour, which is called sulphurous add gasy to denote 
that it contains sulphur; it is acid^ like vinegar, 
though invisible as air. Well, sulphurous acidgas^ or 
the vapour of burning sulphur, is the substance em- 
ployed for bleaching the paper-maker's size, and it is 
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found to answer this purpose better than chlorine or 
chloride of lime. You can form a very good idea of 
the bleaching power of sulphurous acid gas, if jou 
light a bundle of sulphur matches, and hold a red rose 
at a little distance above the flame. The petals of the 
flower will soon bleach, and thus by a chemical opera- 
tion you can convert the red rose of Lancaster into 
the white rose of York, or by only partially bleaching, 
obtain the Lancaster and York combined. 

Here we must conclude our examination of paper 
for the present, and proceed to that of ink. 



CHAPTER III. 

WRITINO-XNK, ITS CHEMICAL NATURB. BLBMBNTfl. COMPOUNDS. 
ORAVITATION. ATTRACTION^ COMBINATION. COHESION. AS- 
TRINGENT MATTER. INFUSION. OAK BARK. GALL NUTS. 
GREEN VITRIOL. SULPHURIC ACID. CRYSTALS. FILTRATION. 
VAPORIZATION. CONDENSATION. DISTILLATION. CRYSTALLI- 
ZATION. PRBCTPITATION. CAPILLARY ATTRACTION. PRINTING- 
INK. LAMP-BLACK. VARNISH. INK POWDER* 

The examination of writing-ink will lead us farther 
into the delightful science of Chemistry, a hranch of 
natural knowledge, which teaches us that there are 
certain things, called Elements, or Rudiments^ capahle 
of uniting with each other to forpi Compounds; in the 
same manner as the simple letters of the alphabet 
may be united to form words. Chemistry, moreover, 
teaches that all compounds may he separated, or ana- 
lyzed, and their elements again presented in a simple 
state, just as words may be reduced into letters. 

The Attraction of Grravitation, the Attraction of 
Cohesion, and Capillary Attraction, are all examples 
of what is called Mechanical Attraction, which is 
incapable of producing changes in the actual nature 
of things. 

Thus the pen remains a pen under the influence of 
Orayitation, which does not alter it, whilst attracting 
it towards the floor. The quill, "the stem, and the 
plume are held together by Attraction of Cohesion, 
but are not changed by its force; nor is the India- 
rubber changed by sticking two or three pieces of it 
together. The pen and the ink attract each other by 
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Capillary Attraction, and undergo no change; you can 
mechanically shake the one from the other. 

Chemistry teaches ns the existence of another kind 
of Attraction^ perfectly distinct from Mechanical 
Attraction, insomuch as it disposes things of the 
most opposite nature, not merely to cohere^ or stick 
together, in such a way that they may be easily sepa- 
rated, but to combine^ so that you lose sight of their 
original characters. 

Thus Lead and Tin^ in common with all other 
metals, are Elements; by which term we mean that 
we do not know of what things they are composed. 
If you melt a lump of lead and a lump of tin to- 
gether, in a ladle or a tobacco pipe, they combine^ and 
you obtain a compound lump, which you may examine, 
and cut, and divide in any way you please, without 
being able to discover either of the metals, although 
you nlust be conscious that the lump contains them 
both. They are combined by Chemical Attraction^ and 
no Mechanical operation can part them* 

If you press a lump of lead against a lump of tin» 
they will only stick, or cohere, very slightly, and can 
be easily separated; but when put into the fire, the 
heat overcomes their solid Attraction of Cohesion; 
they melt, or become liquid. In this state. Attraction 
of Cohesion is exerted with very little force, and 
Chemical Attraction comes into activity; the metals 
combine^ and, upon cooling. Attraction of Cohesion 
again operates, and causes the compound, or alloy, to 
resume the solid state. 

The production of writing-ink presents us with an 
excellent example of Chemical Attraction, or attraction 
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betwcfen tHiiigs of opposite characters. What things 
can be more diQerent from each other, than the blade 
of this penknife, and the oak handle into which it is 
set, and there held by the cohesive force of the rosin 
around its shaft? Can you imagine that the blade has 
any other attraction for the wood? or, in other words, 
Can you imagine that the metal of the Mineral £ang- 
dom has any attraction or disposition to unite with 
vegetable matter? 

I think you cannot entertain such an idea; but I 
will prove to you, that these two bodies, different 
as they are, can, under certain conditions, unite, or 
combine together. 

A neYk oak gate was erected at th^ entrance of the 
garden avenue, a few days ago; it was fastened to* 
gether with iron nails, and hung upon iron hinges, in 
the usual manner. If you now examine it, you will 
find dark purple stains on the oak around the nails 
and hinges. These stains were not there on the day 
the carpenter finished the gate, and nobody has taken 
the trouble to make them. 

Eain fell upon the gate, and the water caused the 
iron to rust, and a portion of the matter of the oak 
to dissolve; then chemical attraction was immediately 
exerted between the rust and the solution, and, 
though so very different, they combined, producing a 
purple compound, which formed the stains. 

Iron is an element; oak is a compound of three 
elements, called carbon, oxygen, and hydrogen, which 
constitute what is called its astringent matter; (you 
will find what is meant by the word astringents if you 
diew a &esh oak shaving, or taste tea without sugar 
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ftnd milk). Well, the rust of iron and the astringent 
matter combine, ivhen the latter is dissolred in water, 
and produce the purple stain, which, chemically speak* 
ing, is ink. 

If you take a few chips of fresh oak, put them 
into a tea-cup, and fill it with boiling water, to dis- 
solve the astringent matter, in the same manner as in 
** making tea," you thus obtain an infusion which, if 
stirred for a few minutes with a bright iron nail, be- 
comes first purple, and at length black, from the 
production of ink. 

Some parts of the oak-tree are more astringent than 
others, especially the bark, and the gall-nuts, which 
are excrescences produced upon its branches by the 
attacks of an insect. The manufacturer of writing-* 
ink generally prefers gall-nuts, as the source of the 
required astringent matter. 

Take two or three gall-nuts, crush them with a 
inallet into coarse powder, pour boiling water upon 
this, as in the foregoing experiment, and you soon 
obtain an infusion of galls^ which will become purple 
Imd black when stirred with an iron nail. 

Although the ink-manufacturer prepares a similar 
infusion of galls, he does not use the iron nail, but 
obtains from the chemist some compound of iron 
that will dissolve in water. The chemist accordingly 
furnishes the manufacturer with a green glassy- 
looking substance, under the name of green vitriol^ 
which, strange to say, is a compound of a rust of 
iron, and vapours of burning sulphur, almost the 
same as those with which you bleached the rose. 

I say almost the same, because it is not sulphurous 
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acid, but salphuric acid; the terminal letters of the last 
word denoting a preparation of sulphur more strotigly 
acid than the former. The chemist caUs green vitriol 
a sulphate of iron^ because it consists of sulphuric 
acid^ and a rust of iron. A rust is chemically called 
an oxide^ because the process of rusting is discovered 
to depend upon the metal combining with an element 
of air and water named oxygen. Well, then, the sul- 
phurous and the sulphuric acids are both found to 
be compounds of sulphur. vmA oxygen; the sulphurtc 
containing the greater quantity of oxygen. Sulphuric 
acid^ combined with oxide of iron, produces what a 
refined chemist calls sulphate of oxide of iron; though, 
for the sake of conyenience, the term is generally 
abbreviated into sulphate of iron. The compound is 
called, in trade, "green vitriol," from its likeness to 
pale-green glass; the Latin word for glass being 
vitrum. 

Sulphate of iron is a form or compound of iron that 
will dissolve in water. This you may prove by 
placing a fragment of it in a wine-glass full of rain 
water, and stirring it for a few minutes with the 
clean stem of a tobacco pipe. The whole of the 
green solid will vanish, and you obtain a solution 
of iron. 

Upon examining an ounce or two of the sulphate of 
iron, as obtained in the solid state from the chemist, 
you will find some of the lumps appear as though they 
had been cut or polished into regular shapes. These 
regular figures are natural to the compound, and 
are called crystals. You can produce crystals from 
the solution that you have now, made; and if it be 
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not pexfectly briglit and clear, jon must render it so 
in the following manner* 

Take a piece of white blotting paper, about the size 
of this page; make it into a square, fold it twice, the 
second fold being at right angles to the first, and, by 
putting your finger between two of the folds, open 
it out, into a little cone, or funnel. 

Hold this oyer a wine-glass, with its point down« 
wards, and pour a teanspoonful of the solution into 
the cone. Capillary attraction becomes active; the 
pores of the paper draw the solution through perfectly 
clear, and stop any dirt firom passing. 

By thus folding the paper you hare made what 
chemists call a filter^ and the running of the liquid 
through it is an example oiJUiraiion^ or the separation 
of dust and dirt from a liquid. But filtration will not 
separate the sulphate of iron from the liquid^ because 
it is not merely mechanically diffused^ like the dust 
and dirt, but is actually and chemicatly dissolved^ and 
cannot be strained away from the water, by the exer- 
tion of capillary, or any other kind of mechanical 
attraction. The filtered solution contains as much 
sulphate of iron as it did at first, but it is now 
free from mechanical impurity. 

If you haye a little glass or earthen funnel that will 
fit the paper filter, and so support it, you can conduct 
the filtration more easily and completely; or you may 
make a little card-board funnel to answer the puipose, 
for the wet paper is yery fragile and apt to break, if 
merely held by the fingers. 

The chemist filters all his solutions in this way, 
using white blotting paper for the ponstruction of the 
filters, which he calls "filtering paper." 
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Having filtered this solution, which will be of a 
pale green colour, you may pour it into a yerj small 
tea-cup, and hang the cup over the flame of a candle 
by a bit of wire, but not so as to smoke it, and you 
will soon find steam rise from the surface of the 
solution, as the water dries away. 

If you hold the mouth of a clean dry tumbler orer 
the tea-cup, as the steam rises and enters the cold 
glass it is robbed of its heat, or chilled, and forms 
dew, which dims the glass. This is exactly what 
happens when you breathe upon a looking-glass, or a 
window-pane; your warm breath is damp, or contains 
vapour, which the glass chills into dew, or minute 
particles of water. 

The process of drying away water by this appli- 
cation of heat, is called vaporization; it is the passing 
of liquid water into the less cohesive form of steam or 
vapour* The act of chilling this is called condensation, 
or its passage back again into the more cohesive form 
of water, which, if further chilled by intense cold, 
would change into the most cohesive form of solid ice. 

To express in chemical terms the two first processes, 
you would say, " the water is vaporized by heat," and 
*' the vapour condensed into water again by cold." 

You have heard of the process of distillation. "Well, 
its principle is exactly the same, but the water or 
other liquid produced by the condensation of the 
vapour, running down in drops, is said to be distilled, 
from the Latin word, distillare, to drop by little and 
little. 

Put half a pint of water into a small kettle, place 
on the cover, cause the water to boil or vaporize, by 
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Betting it on the fire, and when Bteam escapes from 
the spout, thrust its end into the neck of a large, 
thin, dry, and cold phial, and the steam or yapour 
will condense, and yield drops of distilled water. 

Let us next continue our examination of the solution 
of sulphate of iron. Apply your clean finger to the 
drops of dew that are in the cold tumhler held oyer 
its surface, and, touching your tongue with it, you 
will find no taste; then dip the clean stem of a tobacco 
pipe into the solution to withdraw a little drop, and 
when cool, apply this to your tongue, and you will 
find it taste like ink. 

You must infer from these two simple facts that 
the water alone can yaporize by the heat, but that the 
sulphate of iron cannot. If it could, the dew in the 
glass would taste as strong as the solution in the 
tea-cup. Chemists, therefore, call the water a volatihy 
and the sulphate of iron ajia:ed^ substance. 

Hence the great use of distilling common water for 
experimental purposes. Spring and riyer water inya- 
riably contain earthy matters deriyed from the strata 
in which the springs originate, or through which they 
flow; when heated, the pure yolatile yapour of the 
water alone rises, condenses, and distils, leaying the 
fixed earthy matters behind. 

Examine the inside of a tea-kettle that has been 
long used, and you will find it coyered with a buff-> 
coloured crust, which the cook calls "furr." This 
consists of the fixed earthy matters deposited by the 
boiling and yaporization of many successiye gallons of 
water. 

Fill a clean silyer spoon with spring water, set it 
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on the wann hob, and when the water has rapoiized, 
a little film of earth will remain. 

Try a similar quantity of distilled water, and of 
rain water, collected before it has touched the ground, 
and nothing will remain. 

Distillation, therefore, is another means of analysis, 
or chemical separation, by which yolatile and fixed 
substances may be withdrawn from each other; thus 
sea-water can be analysed by distillation into a fresh^ 
water-rapour, and a salt-deposit. 

When nearly half the water has raporized from the 
solution in the tea-cup over the candle flame, remore 
the cup to a cool part of the room, and let it rest. 
On the morrow you will find a number of little green 
lumps sticking to the inside of the cup. Pour the 
remaining solution from these into a wine-glass, but do 
not throw it away, as we shall want it presently for 
another experiment. Examine the little green lumps, 
and you will find they all resemble each other in form, 
not like bits of broken green glass, of which no two 
are alike. You may again dissolve them, and cool 
the solution, and they will appear again of the same 
form, — you will neyer be able to obtain them in any 
other. These little regular lumps are called crystaU 
of sulphate of iron, and the operation for procuring 
them, is called the process of crystallization. Crystals 
result from the gradual exertion of a modification of 
the Attraction of Cohesion, which induces things to 
assume some regular figure; such power is in this 
case called the attraction of crystallization. 

The form of the crystals of sulphate of iron is 
called an oblique rhombic prism; which is an oblong 



42 THE WMTING-DESK. 

four-sided body, with slanting ends, and unequal 
angles* 

The manufacturer who produces sulphate of iron for 
ihe ink-maker, crystallizes the substance upon a vexy 
large scale, by cooling hogsheads of the solution in 
enormous Tats. He thus obtains rhombic crystals of 
great siae and beauty; but as these qualities are of no 
importance, the crystals are broken up with mallets 
into small lumps, from which you may occasionally 
select a few that are tolerably perfect. 

Let us proceed to apply our newly-acquired know- 
ledge regarding the properties of astringent matter and 
solution of iron, to the production of writing-ink. 
Take the solution that was poured off from the crys« 
tals, and which still contains a quantity of the sul« 
phate of iron, it haying deposited only a portion in 
the crystalline state; pour this into a glass half full of 
the infusion of galls, and you will find the two liquids 
will become perfectly black. 

They* hare attracted each other chemically, as the 
damp oak did the iron; only far more readily and 
effectually, by being both liquid^ and their attraction 
of cohesion being destroyed. They have chemically 
combined to produce a black solid^ but so minutely 
divided that you cannot detect individual particles. 
If you pour the black matter into a tall ale-glass, 
fill it up with water and suffer it to remain at rest 
for several days, you will ultimately find as true a 
sediment fall to the bottom, as fine sand thrown into 
water would present; because the black matter of the 
ink thus produced, is almost as ituoluble in water as 
sand, and therefore, being merely mechanically dif- 
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fused throughout it, attraction of gravitation at length 
pulls it down or causes its subsidence. When solids 
thus fall from liquids they are said to precipUaie. 

But remember that no repose will cause sulphate of 
iron, or any other solid substance that is soluble in 
water, to subside, or precipitate, from its solution, 
because the solvent or attractive power of the water is 
more powerful than the attraction of gravitation. 

The maker of the common writing-ink prevents 
its blackness from precipitating by adding mucilage 
of gum arabic, which by its adhesive nature entangles 
the fine powder and keeps it diffused for a consider- 
able time, so that the ink is of a proper consistence 
for writing. But, it will subside in the course of a 
very long time; and this is the reason why you so 
ofiten find the ink at the bottom of the bottle thicker 
and blacker than that at the top, and to prevent this 
from happening, the label directs you to ''shake the 
bottle before use." 

A small* quantity of sugar is often added to writing- 
ink for the purpose of suspending or entangling the 
black precipitate. It is then called '' Japan ink," on 
account of drying very black and glossy, like the 
varnish on a Japan cabinet, but it remains wet upon 
the paper much longer than the ink which only con- 
tains gum. 

The thinner the writing-ink the more effectually 
will it penetrate the capillary pores of the paper, and 
the more permanent will be the writing. Thus it is 
very difficult toscratchrout thin ink from paper, whilst 
thicker can be removed more readily. 

What an annoying thing it is, when you have nearly 
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completed a carefiillj-written letter, to drop a blot 
upon it, or to write a wrong word! 

You then wish most heartily that capillary attiac* 
tion was not so very actire, and to remedy the mishap 
you strain the error over the round ruler, and scratch 
it out with the penknife; but, in doing this, jou 
disturb the fibres of the paper. 

This does not much matter for the mere blot, but it 
interferes greatly with your writing the word intended 
as a substitute for that produced by an unlucky slip of 
the pen. So;you try to write it on the scratched sur- 
face, with a very fine pen, a very little ink, and a reiy 
light hand, in 'the hope that it will not spread larger 
or look different to its perfect companions. 

How seldom can you succeed ! — ^you detect the 
ragged word immediately, and fearing that your corre- 
spondent will do so likewise, and think you a slovenly 
writer, you consign the sheet to the flames, and begin 
another. 

If you rub and polish the scratched paper with your 
thumb-nail, or with the ivory paper-knife, you find 
that you can then write the new word very fairly, 
because the fibres of the paper are restored nearly to 
the same state and position that they had before you 
scratched them. They scarcely attract the ink more 
than the surrounding parts, and a slight drop of very 
weak gum- water will fill them up so perfectly that, 
when dry, you can write there as well as upon any 
other part of the sheet. 

A far better thing than the penknife for removing 
blots and faults is the finest '^ white glass-paper," 
employed by cabinet-makers for polishing wood. 
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If you try it once, I think you will never employ 
the. penknife again. 

Good writing-ink is very durable, but it will fade 
in time, in consequence of the astringent matter de- 
caying, and leaving a brown rust of iron. Chlorine, 
or chloride of lime, will soon destroy its blackness, as 
you hare already proved; and ink is certain to fade 
rapidly upon paper containing! these bleaching agents. 

Good printing-ink will neither fade by time nor 
chemical agents, but then it is a very different thing 
to writing-ink; it consists of charcoal and otY, not of 
iron and galls. Charcoal, or carbon^ cannot be bleached; 
therefore if you blot a printed page with writing-ink, 
you can remove it with chlorine or chloride of lime, 
and leave the printing black: after which take care 
to wash the page well with water, then dry it, and it 
sustains no damage. This is a fact worth knowing. 

Another singular and inexplicable * thing connected 
with printing-ink is this. Though made with otV, it 
adheres best to wet paper; hence it is that the sheets 
are damped, before they are applied to the types. 

The kind of charcoal used for making printing-ink 
is called ^^ lamp-black;" it is the fine black soot col- 
lected from burning tar, naphtha, or turpentine, for 
the purpose. The oil is " linseed-oil," which has been 
heated over a fire, and partly burned, in order to 
destroy the grease, and to render it capable of drying 
well. Thus prepared, it is known in trade as ^^ var- 
nish." 

Printing-ink is mad% of difi^rent qualities to suit 
the purposes for which it is to be used; thus, for 
standard works, the finest lamp-black and varnish are 
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employed, and the ink composed of tliese ingredients 
is beautifully black, and tbe impression tbat it yields 
is well defined. 

But for temporary works, such as ^^ posting-bills and 
placards," common lamp-blaok and ramish are used, 
and the impression, though tolerably black, soon be- 
comes oily around each letter. 

As a bottle of writing-ink is rather difficult to 
secure from leaking amongst papers and linen in tra- 
relling, " ink powder" is often sold, which consists of 
dry sulphate of iron, galls, and gum, mixed together 
in proper proportions. These substances hare no 
chemical attraction for each other whilst dry; they 
remain as a buff-coloured mixture; but, upon adding 
a little water, chemical attraction becomes active, and 
a black extemporaneous ink is the result. This pro- 
cess affords a good example of a w^ll-known fact in 
chemistry, that two things are often incapable of 
exerting attraction for each other without the aid 
of a third. 

So much, then, for the philosophy of writing-ink, 
which contains the elements of the penknife and its 
oaken handle. But there is still more information to 
be drawn from the knife, as we shall find in the next 
stage of our examination. 
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PURE IRON. STEEL. ACTION OF ACID. ETCHING OF STEEL. 
MAGNETIC ATTRACTION. THE MAGNETIC NEEDLE. ATTRACTION 
AND REPULSION. MAGNETIC SWAN. THE PENKNIFE-STROP. 
LEATHER. GELATINE. GLUE. PARCHMENT. SKINS. TAN- 
NING. SULPHATE OF IRON. BLACK LEATHER. NATIVE BLACK 
IRON ORE. WATER OP CRYSTALLIZATION. RED OXIDE OF IRON. 
MOHOCOO AND RUSSIA. LEATHER. ACIDS NEUTRALIZED. TEM- 
PERING STEEL. STEEL ENGRAVINGS. STEEL PENS. PHOS- 
PHORUS. LUCIFER BiATCHES. 

Cut a lemon with the brilliant steel blade of the pen- 
knife; leave it wetted with the sour juice for a few 
minutes, and the steel will become blackened. What 
is the reason of this ? 

In the first place, the acid of the lemon dissolves 
a little of the iron of the blade, which unites with the 
astringent principle of the fruit, to produce ink; in 
the second place, steel not being pure iron, but a com' 
pound of iron and charcoal^ the acid cannot dissolve 
the latter, and therefore leaves it, adding to the black- 
ness of the other stain. 

You would no more think of hard, metallic, brilliant 
iron combining with sof);, combustible, black charcoal^ 
to produce steel, than you would have thought of iron 
and oak combining to produce ink; but such are the 
combinations effected by chemical attraction. 

Steel is made by imbedding bars of the purest iron 
in powdered charcoal, and keeping it red-hot for 
several hours; by which operation the two elements, 
namely, the iron and the charcoal, combine to produce 
steel, which bears some resemblance to iron, but none 
to charcoal. 
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Obserye the letters of my name and address, shining 
brilliantly upon this dull-grey steel ring for my bunch 
of keys. The whole of the ring was first bright 
and polished, and I traced the letters with a camel- 
hair pencil dipped in varnish, allowed them to dry, 
and then plunged the ring for a moment into an acid, 
which dissolved a little of the iron of the unvarnished 
steel, and liberated the charcoal, but had no such 
action upon the varnished parts* I afterwards removed 
the varnish with spirits of wine, and the letters remain 
brilliant. The whole art of etching upon steel, to 
produce names on key-rings, or ornamental designs on 
steel snuffers, razors, and sword-blades, depends upon 
a knowledge of the simple fact of the solubility of iron 
in an acid, and the insolubility of charcoal. But a 
stronger acid than that of the lemon is employed, 
namely, nitric acidy and this is very dangerous for 
young, inexperienced folks to meddle with. . 

If you select one of the finest sewing needles you 
can find, and balance it on the polished metal cover of 
the inkstand, it will remain at rest, in obedience to 
the attraction of gravitation; then hold the point of 
the penknife close to the needle, and you will pro- 
bably find the needle move towards the point of the 
knife. If it do so, you obtain an example of magnetic 
uttracliouy which is a different power of attraction to 
any that we have considered. 

Steel is the substance in which this mysterious 
power is concealed. Most pieces of steel are magnetic. 
If the penknife do not attract the needle, both are 
deficient in magnetism, but you can soon supply them, 
as follows* 
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Caxefiilly open the ^^ compass box" attached to the 
stand of an artificial globe, and remore the ^'compass" 
or " magnetic needle" from the pivot on which it turns 
to the north and south. The letters N. and S. marked 
near the opposite ends of this needle, denote the 
quarters of the globe towards which they point. Draw 
the end markied N. across the point of the penknife 
five or six times, then restore the magnetic needle to 
its pivot in the compass box, and let it settle into its 
former position of North and South, 

After this preparation present the point of the pen- 
knife to the end of the magnetic needle marked N. 
and it will be strongly drawn towards the point, or 
attracted. Allow the needle to assume its original 
position, and then present the point to the end 
marked S., it will be as strongly forced from the pointy 
or repelled. 

The penknife will now attract the fine sewing 
needle, and perhaps actually lift it from the coyer of 
the inkstand, where it was balanced^ that there should 
be ne obstacle to its moving by the slightest m^netic 
impulse. Having been touched « by the magnetized 
knife, the needle has become majgnetic — ^it will point 
North, and South; if you lay it flat on a very thin 
slice of cork, and float this on the middle of a large 
basin-fall of water, the point of the needle will turn 
one way, and its eye the other. The end which points 
to the North, is called the north-end or pole of the 
needle. 

To proceed further regarding * njagnetic attraction 
you must have a bit of steel, much larger than the 
sewing needle; therefore, take a steel pen, magnetize 
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its point by drawing it across the end of the compass 
needle that is marked N.; and magnetize its other ow 
tube end by drawing it across the end marked S. 
Beplace the needle in its box, and when it has settled 
into its former positicm, jou will find, upon presenting 
the point of the pen, that it attracts the end marked N^ 
and repels the end marked S.; but the tube extremity 
of the pen will attract & and repel N» 

This magnetic steel pen will eren attract and repel 
the compass needle through its wooden box and glass 
coyer; therefore magnetism must be far more fine and 
subtile than anything that we can conceiye. The air 
is yery fine and thin, but it cannot pass through wood 
or glass to agitate the needle. Eyen during the most 
yiolent tempest, the needle, in its little glazed box, 
points steadily to the North and South, and this ren- 
ders it of such inestimable use in the art of nayigation. 

A pretty little toy, called ''the niagnetio swan," 
illustrates the foregoing facts. The beak of the swaa 
consists of a bit of magnetized steel, with an S. end; 
and a '' magic -wand," to be held in the hand of the 
experimentalist, is a * slender rod of magnetized steel, 
with a point N. and a square S. end. The wand is 
generally yamished red, except the N. end, upon 
which you are directed to stick a bit of bread, and 
thus present it to the swan, floating on a basin-full of 
water. He instantly approaches the bread, because the 
N. magnetism of the wand attracts the S. magnetism 
of his beak, through the bread, exactly as the mag- 
netized steel attracted the compass needle through the 
glass coyer and wood of the compass box* 

Persons who are ignorant of the contriyance think 
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tbat the swan is really a magical little fellow, and are 
yet more surprised and amused when you present the 
other end of the magic wand, because its S. magnetism 
repels the S. magnetism of the beak, and he moves 
away, apparently offended at the offer. 

If you leave the swan at rest in a very large basin- 
full of water, you will find the beak point to the 
North, supposing that the artificial N. magnetism of 
your magnetic steel has attracted him; if otherwise, 
the beak will turn to the South. I merely mention 
this because the toy may happen to have magnetism 
exactly the reverse to that which I first named. You 
must float the swan on a large basin-full of water, else 
the attraction of matter will draw the toy closely 
against the edge of the vessel, and perhaps in time 
this will happen with the large one. 

There are many other curious things relating to 
magnetic attraction and repulsion, but as I think them 
too difficult for you to understand at present, I will 
quit the subject. 

The keen edge of the.penknife is spoiled by draw- 
ing the compass needle across it during the foregoing 
experiments; the blade requires sharpening, and you 
must use the ^' strop." 

The strop is made of two strips of stout leather, one 
black and the other red, glued upon a wooden handle. 
Do you know how leather is made, and what things 
are used to stain it thus ? Perhaps not, and therefore 
I vnll explain the matter, as it belongs to the che- 
mistry of our subject. 

Leather is made by steeping the skin of an animal 
in a weak infusion of oak bark for a considerable 
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length of time. You are aware that a fresh skin will 
soon become putrid, and oak bark rotten, so that 
neither is separately of any yalue; but, by the treat- 
ment just mentioned, a certain principle of the skin, 
and another of the bark, exert chemical attraction for 
each other, and combine to produce leather, which is a 
durable compound of the greatest value. 

The principle of the skin to which I allude, is com- 
monly called je%, or gelatine. This may be obtained 
Yery easily by boiling a few slips of parchment (which 
is merely dried skin) in about a teacupful of water; a 
considerable portion of the parchment will dissolre, 
and the clear solution, if poured into a glass, and set 
aside for some hours to cool, will gelatinize, or form 
tremulous jelly. 

The glue employed by the cabinet-maker to giro 
cohesion to the joints of the writing-desk, is very hard 
and dry jelly before he adds water and melts it, as you 
have already done, to form size. 

Glue is made by boiling the otherwise useless cut- 
tings and clippings of skin in water, straining the 
solution, and * by boiling' it again to render it very 
strong. It is afterwards ladled into moulds, where it 
cools and forms very firm gelatinous lumps; these are 
cut into slices by means of a wire, as you see a but- 
terman cut a large lump of salt butter, by holding one 
end of a wire in each hand, and pulling it through. 
The slices so cut, are placed in yery open nets to dry 
and harden; and lastly, dipped for a moment into boil- 
ing water, to polish their surfaces, and render the 
article saleable. In this state you find it at the iron- 
monger's, or the oilmaft's, shop, the square marks 
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upon a cake of glue being formed bj tbe strings of the 
nets upon ^vhich it was first dried. 

Glue is generally of a dark -brown colour, owing to 
impurities; but these are of little consequence in its 
general employment. If kept perfectly dry, it will 
never putrefy, nor will a dried skin, such as parch- 
ment: hence the value of the latter for records of 
importance. 

A skin recently stripped from an animal putrefies, 
because it contains water; glue, when dissolved in 
Water, will soon do the same. 

The size employed by the paper-maker is weak or 
moist gelatine, prepared, with very great care, from 
skins, and when bleached by sulphurous acid, is purer 
than even the parchment jelly that you have obtained. 
This size is very prone to putrefy, and therefore is 
applied quite fresh to the paper; but when it dries 
into the capillary pores, it has no tendency to decom* 
position. 

The principle of the oak bark, concerned* in the 
production of leather, is called tannin; it unites with 
the gelatine of the skin. The operation of effecting 
this curious combination of animal with vegetable 
matter is called tanning, a very ancient art, practised 
with much skill by the early Egyptians. • 

The following experiments will show the application 
of this chemical knowledge to the tanner s art. Place 
the glass containing the parchment jelly at a little 
distance from the fire, that it may become melted; 
obtain a few pieces of oak bark, and make an infu- 
sion of it, in the same manner as you made that of 
gall-nuts. If oak bark be not at hand, you may 
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substitute infusion of galls, as they like'vvise contain 
iannin. 

Pour the solution of animal jelly into the Tegetahle 
infusion, and the two liquids will instantly combine^ 
and produce a solid substance of a pale-brown colour, 
which precipitates to the bottom of the glass in which 
you make the experiment. The precipitate, chemi- 
cally speaking, is leathery differing in nothing but tex- 
ture and mechanical form from that produced by the 
tanner. 

You may exactly imitate the process of tanning, by 
steeping a slip of parchment in an infusion of oak 
bark or galls for a week or two, when it will be con-* 
rerted into true leather. 

Very thick skins require sereral months to become 
perfectly tanned; this was the case with the skin of 
which the leather of the strop is formed, which was 
probably a piece of a horse's hide. 

Thin skins become tanned in a few weeks, because 
they are more porous than the others, and soon draw 
the infusion into their pores by capillary attraction, 
and then chemical attraction ensues. 

When at school, I dare say you haye often wetted 
the brown leather cover of a spelling book, and put 
the key of your desk upon the middle of it, and then 
pressed it tight down with the weight of all your other 
books, and found, next morning, a black impression 
of the key upon the coyer. This is a common trick 
with schoolboys, but why is the black mark produced? 

Because the leather of the coyer contains the 
astringent principle of the oak bark, and when damp, 

will unite with a portion of the iron of the key and 
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form black ink, exactly as the damp oak gatie did with 
the iron nails that I spoke of in a former chapter. 

Again: take a strip of broum leather, or thin ^'sole 
leather;" dip it into a solution of sulphate oi iron, and 
you will find it dyed blacky because the^ leather con- 
tains the astringrat principle of the oak bark. This 
principle, namely tannin, having a strong chemical 
attraction for the iron of the sulphate, combines with 
it, and forms inXr, which stains the leather &r more 
perfectly than in the schoolboy's experiment just 
alluded to. 

Nearly all common black leather is thus superficially 
' stained or dyed. When the saddler or harness-maker 
cuts a strap, he finds its edges are brown, because 
the stain has not entered the substance of the leather; 
he therefore renders the edges black, to correspond 
with the flat surfiMse of the strap, by wetting them 
with a sponge dipped in a solution of sulphate of iron. 

If you peep into the humble stall of the meny old 
cobbler, you will find that he knows this practical 
application of chemical attraction; for after he has 
^'new heeled a shoe" with thick, broTm leather, he 
blackens it by rubbing it oyer with a feather, dipped in 
solution of sulphate of iron, which he calls *^ copperas 
water," of which he has always a little bottle fiili hung 
amongst his tools. 

The leather of the penknife-strop is generally 
blackened at first by the same solution, and after- 
wards more perfectly, by rubbing it with lamp-black 
and oil. The last process fills up the pores and 
makes a smooth surface, but it has not grit enough 
to sharpen the penknife; it will not do so weU 
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as the sole of jour thin shoe, which is rough and 
gritty with the dirt upon^the floors. The strop- 
maker seeks for something that, without being too 
sand J, will answier the desired purpose of slightly 
grinding the steel blade, for ^'stropping the knife," is 
nothing more than wearing down a finer edge. 

Such substance he finds in a natural compound of 
iron with oxygen, called ^^ black oxide of iron," or 
*'iron ore/^ This does not look like iron, but contains 
a large quantity of that metal; it is nearly similar to 
the ^' black scales^^ that you will see lying around the 
anvil in the farrier's shop, which ore produced by 
white-hot iron combining with the oxygen of the air. 

The natural or ^'native black iron ore" is powdered 
rery finely .and mixed into a paste, with a little wax 
and oil. A portion of this ^^ composition^^ is nicely 
spread upon the black leather, and it sharpens the 
penknife beautifully. 

Some persons use the black snufi^ of a candle, others 
charcoal, for the black side of the strop. These answer 
the desired purpose to a certain extent, in consequence 
of containing a little finely-divided sand or earthy 
matter; but they bear no comparison to the ''native 
black oxide of iron." 

And what is the "composition" for the red side of 
the strop? 

You must make a chemical experiment to answer 
this question. Take a lump, or crystal, of the green 
sulphate of iron, place it in the bowl of a clean tobacco 
pipe, ' and heat it very gently in a clear fire; you 
will find the substance turn white, and crumble into 
powder* This change is due to the escape of water 
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from it; water oj crystallization^ as it is teclinically 
called; haying parted with this, the sulphate is said to 
be dry or desiccated^ and in such state it exists in the 
^'ink-powder"^ already mentioned. 

The escape of the water of crystallization merely 
alters the colour and shape of the substance, it does 
not alter its actual composition^ The sulphuric acid 
and the oxide of iron, of .which the sulphate is com-» 
posed, are still combined, and if you withdraw the 
pipe from the fire, allow it to cool, and then shake the 
white powder into water, you will .find it dissolve, and 
the solution, heated over the candle-flaine as before, 
and set to cool, will yield green crystals of sulphate of 
iron. The sulphate, by such treatment with water, 
recombines with a certain portion of it, — a. portion 
exactly equal to that which was expelled from it by 
heat, as chemists can prove, to the fraction of a grain. 

If the dry white powder be left in the fire until 
the bowl of the tobacco pipe becomes red^hot^ you will 
find a white smoke qr vapour ascend from it when 
withdrawn for a moment, and a wet violet held in this 
Tapour, will be reddened. The red-heat has decom^ 
posed or analysed the sulphate of iron; the sulphuric 
acid being vaporized, changed the colour of the violet, 
which flower is the test of the presence of an acid; 
nearly all acids will redden it; as vinegar for instance, 
as well as lemon-juice. 

Replace the pipe in the fire; and let it remain 
fairly red-hot for half an hour, then take it out, and 
when cool, examine the very dark red powder which 
it contains. This is another oxide of iro^i, produced 
irom that with which the sulphuric acid was combined j 
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but) being ^ fixed Bubstance, it remains wben the vola^ 
tile acid bas escaped. 

The oxide of iron, as existing in the sulph&te of 
iron, is called /)ro/o-oxide of iron, but that remaining 
in the last experiment is called joer-oxide of iron* 
These terms, proto^ and per, prefixed to the word 
oxide, denote that i^e former contains the leasts and 
the latter the moet^ or the utmost quantitj that iron 
can combine ifith: The red or per-oxide did not 
exist in the sulphate; jou have not educed it, but 
produced it, bj causing the pro^o-oxide to combine 
with oxygen bj means of heat, so that the process is 
not a perfect, or fieiir analysis; because, in analysis you 
are required to educe^ or draw forth things already 
existing^ in a compound, not to produce things by a 
new chemical attraction of their elements or oon« 
stituents. 

You know the common red rust of iron. Well, the 
red oxide that you have produced is yery nearly the 
same thing, and so is the rouge employed by jewellers 
for polishing plate. They generally obtain it, and the 
strop-maker always obtains it, by a process similar 
to that which *you hare conducted; and when mixed 
with wax and oil, and spread upon the other leather of 
the strop, it forms the ^'red side" used for giving a 
finish or keenness to the penknife blade, because it is 
not so hard as the ''black side.^^ 

The n^at red leather case, in which you keep the 
strop from dust and dirt, is dyed with cochineal. 
Such leather, from having been originally made in 
Morocco, is popularly called ''Morocco leather,^ or, 
for a pointed distinction, "red Morocco." 
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The flaps of the writing-desk that we are examining 
are covered with ''brown Russia leather^" so called 
from being prepared in Russia. Its well-known 
agreeable aromatic smell is conferred upon it by oil 
of birch bark. This is added to prevent the leather 
from becoming mouldy or worm-eaten. 

Russia leather is not generally used for the flaps of 
the writing-desk, because it stains so easily with ink. 
Black Morocco is the best, because it is already really 
stained so with ink, and blots do not show much upon 
its surface. 

Many writers prefer a dark-coloured woollen cloth, 
or velvet, because the writing paper remains firmer 
under the pen, on such rough surfaces, than upon 
smooth or glazed leather. 

Woollen cloth, linen, calico, and silk, are generally 
dyed black, by steeping them first in a solution of 
sulphate of iron, and then in an infusion of galls; in 
fact, they are dyed with writing-ink. When such 
goods turn brown or " rusty" by age, it is in conse- 
quence of the decay of astringent matter and the 
formation ofper-oxide of iron. 

Infusion of logwood is added to that of galls, in 
order to confer ''blue black," as it is fashionably 
called; and you know that orange or lemon juice will 
produce red spots upon a "blue black silk dress." 
This is in consequence of the acid dissolving the true 
ink of the dye, and then . reddening the logwood, as 
the sulphuric acid did the violet. 

If you drop a little "hartshorn" on these red spots, 
they will become black again, because the hartshorn 
contains a substance which chemically combines with 
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the acid, and destrojs or neutralizes its acidity. This 
Buhstance is called ammanta^ or volatile alkali. 

Let us now return more immediately to the penknife, 
that we hare restored to its original sharpness by the 
oxides of iron, or the red and black sides of the strop. 

Steel may be rendered hard and brittle, hard and 
elastic, or soft and flexible, according to the treatment 
it undergoes during its manufacture. The art of 
thus modifying the substance is technically called 
"tempering." 

The penknife blade is hard and brittle; it will easily 
snap : but the spring in the handle of a clasp-knife is 
hard and elastic, so is the spring to the secret drawer 
of the writing-desk. A file is harder and more brittle 
than the penknife blade, and will scratch it, but the 
blade will scratch the spring of either the clasp-knife 
or drawer. 

These are further examples of the attraction of cohe- 
sion being unequally exerted in different forms of the 
same chemical substance, a fact to which I first called 
your attention regarding the quill, stem, and feather. 

You can obtain some notion of the art of tempering 
steel in the following manner. 

Place three small steel pens in the bowl of a 
tobacco pipe, and heat them fairly red-hot in a clear 
glowing fire; then remove the tobacco pipe, and 
immediately drop the pens from its bowl into a basin 
full of cold water. 

Take out one pen, and try to bend its nib; it will 
snap like glass 1 take out another, and rub it as bright 
ns you can with a bit of "glass paper" or "scouring 

Wr." You can do this best by placing the pen flat 



TEMPERING OF STEEL. 61 

upon the table, and then rubbing it with the paper 
folded round a cork; but take care that the brittle 
Bteel does not break into your fingers. 

Haying polished the pen, heat the poker red-hot, 
and, with a pair of pliers,* lay the pen upon it, and 
you will find several beautiful colours appear upon 
its surface. When you see a full blue, let the pen 
fall from the poker on a plate, and allow it to cool. 
Then try the nib, by pressing it upon the table; it 
will yield, the slit will enlarge and contract as you 
increase or lighten the pressure. The pen is nearly as 
elastic as it was originally; it is '^ spring temper," the 
same as the clasp-knife spring, the secret spring in 
the desk, or the beautiful spring of your watch. 

Take the third pen, heat it red-hot again, and allow 
it to cool very slowly in the bowl of the tobacco pipe 
after removing it from the fire; then, try to bend the 
pen, and it will do so almost like lead, and, like lead, 
remain bent. It is inelastic^ and so much sofler than 
the other two pens, that the first will certainly scratch 
it, and a file will reduce it to filings. 

Steel thus "soft tempered" is useless for the manu« 
facture of cutting instruments, but is of great value to 
the engraver. All the beautiful prints that you see 
in the "Annuals" are impressions in printerVink 
from soft steel plates, engraven with harder steel 
tools. 

The "elastic temper" of steel renders it invaluable 
for numerous purposes, and within these few years it 
has been advantageously and profitably applied to the 
manufacture of pens, which, with those who write 
much, are more serviceable than goose*quill pens. 
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Many tons of the finest steel are annually consumed in 
this new branch of industry. 

Though steel pens will bear longer work than others^ 
they corrode and wear out at last. An author of the 
present day preserred all that he wore out, and had 
them forged into a table-knife, which he pleasantlj 
remarks, ^^now cuts the bread that it earned," 

Now for the box of "lucifers," or "lucifer matches." 
Surely these must be very chemical things; they 
kindle by mere friction, and are therefore different 
from the common sulphur or brimstone matches, with 
the Yapour of which you bleached the rose. 

Why are "lucifers" so fiery? how are they manu* 
fiEW^tured? 

I will endeayour to explain. If you throw a bone 
into the fire, and let it remain until thoroughly 
red-hot, you obtain a white ash. This, analysed by a 
chemist, is found to contain a peculiar add called 
phosphoric acidy combined chemically with lime* 
Hence ^'bone ash" is termed phosphate of lime. 

Still further analysed, phosphoric acid yields oxygen^ 
and a combustible element named phosphorus. This 
you will hardly belieTe, for, when the bone was bum^ 
you might naturally suppose that the combustible phoa- 
phorus was presently consumed; but so Strange is the 
power of chemical attraction, that when phosphorus 
is combined with oxygen and lime, it cannot bum, it 
is incombustible. 

By refined chemical operations, phosphorus may be 
educed firom '^bone ash,^^ or phosphate of lime, and 
then is so combustible that it kindles by the warmth 
of the hand, or the heat erolTed by rubbing against a 
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iiard ^urfiEice, and bums witli a golden yellow light; 
but it can be melted under hot water without burning, 
because the air is thus prevented &om touching it. 

The '' lucifer-maker" ayails himself of this fact, and 
melts phosphorus under thick hot gum-water. He 
then takes little sticks of wood preyiouslj tipped with 
sulphur, and dips them through the gum-water to the 
phosphorus, drops of which adhere to the sulphur, and 
as the sticks are lifted through the gum-water, it coats 
these drops. The gum soon hardens, as well as the 
combustible it encloses, and prerents combustion by 
keeping the air from acting upon the phosphorus. 

This is the simplest method of making ^Uucifers," 
but some manufacturers employ reiy complicated 
mixtures for tipping the matches before dipping them 
into phosphorus, an explanation of which would not 
be intelligible; but the main principle is, to keep the 
phosphorus from the air. 

When you rub the tip of one of these matches 
against the ''glass paper ^^ or other rough surface at the 
bottom of the box, you scratch off the gum. The 
phosphorus thus exposed to the air, takes fire by the 
heat of the friction or rubbing, commimicates fire to 
the sulphur, and this in turn to the wood, and its 
flame will kindle the wick of the wax taper. Let us 
do this, and see what further light it will throw upon 
the philosophy of the writing-desk. 
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CHAPTER V. 

BSB8* WIX. BLElCHWa WAX. WHIT* WAX. COTTON WICK& 
MANUFACTURX OF WAX TAFXB8. CAFXLLAKT ATTRACTION OF 
COTTON ^ WICK8, „ 8TXADY COMBUSTION OF A WAX TAPXB. 
C0MBU8TIBLB VAPOUR OF WAX. HBAT OF FLAMX. 8TRUCTURX 
OF FLAMS. ' INDlSTRUCTlBILmr OF MATTBR. XLXMBNT8 OP 
AIR. OXYGBN AND NITROGXN. XLBMBNT8 OF WAX. OXVOXN9 
BYDROOBN9 AND CARBON. PRODUCTS OF COMBUSTION. CARBONIC 
ACID. WATSR. ARGAND LAMP. IGNITION AND COMBUSTION. 
GAS ILLUMINATIONS. 

Yon must be aware that wax is secreted by the inda»- 
trioos bee, with which it constructs the honey-comb, 
and this, when melted, strained, and cast into moulds, 
constitutes large lumps of a fine yellow colour, that 
are sold as ^' Bees' wax." It was formerly used, thus 
coloured, for the manufacture of tapers and candles. 

Since refinements have been so layishly introduced 
amongst articles employed in domestic use, bees' wax 
has been deprived of its yellow colour, or bleached, 
previous? to its formation into tapers and candles. 

This bleaching is effected by exposing it to the 
weather for 'many weeks, and not by chlorine, sul- 
phurous a<;id, or other powerful agents; because these 
not only destroy the colour of the wax, but alter its 
chemical composition. 

Bees' wax, or yellow wax, is bleached in the follow- 
ing manner:— It is melted by a gentle heat, and 
slowly poured on the surface of a large wooden 
cylinder partly immersed in cold water and kept 
revolving. The wax, upon touching this surface, in- 
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stantlj chills, and does not adhere, but falls off in 
thin flakes. These are collected and placed in large 
shallow brick troughs, out of doors, and perfectly 
uncovered; they are occasionally sprinkled with water 
and turned about, and ultimately become white, or 
bleached. When melted, strained, and run into moulds, 
they form the cakes sold as " white wax." 

Cotton is the produce of a plant, and when used 
for the wick of a taper it is twisted into a very loose 
string or rope. Wax and cotton, then, are the mate* 
rials of the taper, and I will tell you how the wick 
is put so nicely in its centre, as the method is not 
generally known. 

For this manufacture the cotton wicks are made 
rather longer than they appear in the finished tapers; 
they have loops at one end, and by these are hung 
around a wooden hoop (exactly like a strong toy hoop), 
which is fastened by strings from its circumference to a 
swivel centre, suspended directly above a copper full of 
melted wax. 

The ends of the wicks nearest the wax, or those 
which hang down, are drawn into little tin pipes, about 
an inch and a half long, exactly as the ends of boot 
laces are drawn into "tags.** 

The workman takes a ladleful of melted wax, and, 
holding it against the ends of the wicks nearest the 
ring, pours or dribbles the wax down each in succes- 
sion, turning the ring round with the other hand, and 
by the time that it comes round with the wick from 
which he started, the wax on it, has chilled or set; he 
therefore pours on more, which sticks to the first, and 
treats all the other wicks so until they are coated suffi- 
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eiently thick. Wliibt yet wArm tliey are imhooke^ 
and placed upon a wet marble slab (to irhidx tliej will 
Bot stick on account of the repulsion between wax and 
water); they are rolled upon the slab, with a fiat piece 
of hard wood, also "wetted^ untU they are as truly 
btraight and cylindrical as your round ruler. 

The ends which were uppermost or hung to the ring^ 
are to be the lower ends, when the tapers are finished, 
and therefore these are cut off straight, by rolling them 
under a sharp wet knife, as you would neatly cut off 
the end of a cedar pencil by rolling it upon the table 
under the penknife blade. 

The tin tubes, or tags, prevented the other ends of 
the wicks firom absorbing the wax, and therefore the 
knife is applied to the wax around them until it cuts 
down to eadi tag; then, by taking each taper between 
the hands, the tags are drawn off, the wicks trimmed to 
a proper length, and thus the tapers are finished. 

Now let us examine this taper. Extinguish the 
flame, place the taper flat upon the table, and roU it 
under the blade of the penknife, to cut it neatly 
asunder. 

You find that the end of each piece looks like a 
small onion cut in half, or, in other words, the wick 
IS surrounded by rings gradually increasing in size from. 
the centre, towards the outside of the taper. This 
^ows ycHi that it has been made by adding successiTe 
«>*ts of i»ax, as I hare described. 

Let us light one half of the taper, and inquire into 
«»e use of the wick. Observe that when the wax ig 
»»dted by the heat of the flame that you apply, the 
fibres of the cotton inirtantly exert capillary attractioa 
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for tlie liquid wax (exactly as ihe pores of the cane 
exerted the same power for the ahready liquid ink). 
The melted wax is thus drawn into the upper and 
red-hot part of tiie wick, where it is changed hy 
heat into comhustible vapour, which constitutes flame. 

In a lamp, as the oil is naturally liquid, the cotton 
wick is constantly foil, or saturated with it; but in a 
taper or candle of solid wax, spennaceti, or tallow, each 
of these things must he melted or liquefied before the 
wick can exert capillary attraction. 

Bemark how steadily the flame of this taper bums; 
how long it lasts; why does it consume so gradually? 
why does not the whole of the wax melt and run away 
from the wide at once? 

The answer to these obaerrations ^nd questions will 
afibrd mudi curious and interesting information. 

Look at the wax dose against the wick; it is per- 
fectly melted, and hdd in a kind of cup, ready for the 
capillary attraction. The cup is formed in the follow- 
ing manner. 

The flame cannot bum without air. If you put 
on the extinguisher, it is soon extinct, or if you shut 
up the burning taper in a box, the flame ceases in a 
few minutes to bum properly; it must have abun- 
dance of fresh air, and this supply comes immediately 
from all parts of the room, rushing firom the bottom of 
the taper upwards to the flame, and by doing so keeps 
the outside of the taper so constantly dulled, that the 
circular edge of the upper part will hold the wax 
melted by the heat of the wick. 

If you break this cup, the symmetry of the taper is 
destroyed; hold a hot poker near its edgey and it 
F 2 
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melts away, and the already melted wax immediately 
surrounding the wick has nothing to - confine it, and 
consequently gutters down the sides; the same thing 
happens if you place the lighted taper in front of the 
parlour fire. 

Now let us light the other half of the taper, and 
leave it quiet upon the writing-desk for a few minutes. 
As the wax consumes, the top of the wick bends a 
little on one side put of the flame, and moulders away, 
so that it does not require snuffing like a tallow candle, 
in which the cotton wick is made much larger, to draw 
the melted tallow up very quickly. Tallow melts 
much easier than wax, and a wick the size of that in 
the taper would not have enough capillary attraction 
to deliver all the melted tallow to its red-hot part. 
When the wick of the tallow candle has performed its 
office, being stronger than that of the taper, it does not 
bend aside and moulder away, but remains upright, 
and renders the flame so dull, that it must be trimmed 
away with the snuffi^rs. 

Neither solid nor liquid wax will bum; the vapour 
of wax alone is combustible, as you may prove by very 
simple experiments. 

Try to light a lump of wax, and you will fail; it 
only melts; let it drop into a hot spoon to keep it 
melted, then try to light it in this state, and you will 
fail again; you fere equally unsuccessful if you try to 
light a spoonful of oil from the lamp. But heat the 
bowl of a tobacco pipe red-hot in the fire, then take it 
out by its stem, and throw a little lump of wax into 
the bowl; apply a slip of lighted paper at the same 
time, and you will find a large brilliant flame issue 
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from the bowl, and when the light is extinct, no wax 
remains. 

In this experiment jou suddenly effect the same 
thing as the red-hot wick of the taper slowly effects;-^— 
the solid wax becomes liquid,^ the liquid becomes 
Tapour, the vapour burns. 

A drop of liquid oil, similarly treated,- will also 
become combustible vapour. 

Another simple experiment will further proye that 
neither melted wax nor liquid oil are combustible, and 
that they will extinguish flame as effectually as water. 

Stick a little lump of wax on the point of the pen- 
knife, and hold this in the flame of the burning taper; 
the lump of wax will melt, and run upon the wick; 
but instead of making the flame larger, as it should 
do if combustible, it deadens the light, which at length 
goes out. 

If you allow a wax or tallow candle to bum until 
the wick is very long, and then, with a smart puff of 
breath, blow out the flame, a smoke will continue 
rising from the red-hot wick for some seconds. This 
smoke is combustible yapour, and if a slip of lighted 
paper be held in it at the distance of about an inch 
from the glowing wick, the yapour will kindle, and 
its flame will flash down to the wick and rekindle the 
candle. 

This experiment also proves that the yapour requires 
a yery great heat for its inflammation, or else it would 
not escape unbumt from the red-hot wick. In fact, it 
requires a white heat, and this you supply by the flame 
of the slip of paper. 

A burning taper or candle may be considered as a 
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miniataw ^gaft-work," for tibe oombustiUe Tapour 
produced in the red-hot wick is called ek.gas by 
chemists. The gas bmniiig in the streets contains 
the same elements as wax gas^ though that is ob^ 
tained from coal, and therefore populady known as 
coal gas. 

Let ns now proceed to a farther inTestigation of the 
phenomena presented bj this bnming taper. Why 
does the wick remain so long in the Tozy middle of the 
flame without burning away ? 

I am sure that you are at a loss to answer tikis 
question, and therefore I will endeaTour to do so in 
the simplest manner. 

Look attentively at the steady burning flame, and 
you will obserre that immediately around and above 
the wick, it appears dull in comparison with the bright* 
ness of other parts, because neither the vapour nor the 
wick in the oentre can bum for want of air. 

In fact, the combustion of the vapour of the vrax is 
only superficial; and the ** candle flame," commonly so 
called, is a mere film of white-hot, burning vapour, 
inclosing and keeping off the air firom a much colder 
portion, which can neither bum nor evolve light. As 
the external film of vapour consumes, so does the 
central portion gmn air, and do the same. 

This peculiarity in the stracture of the flame of a 
taper or candle, may be illustrated by an almond, the 
kemd representing the interior unbumt vapour, and 
the shell the surrounding superficial film of baxnij^ 
vapour or flame. 

In further illustration of this part of our subject^ 
fcm can make two very simple yet beautifal experi- 
ments. 
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Take a thin card, and cat from it a straight strip 
about two inches long, and one-sixteenth <^ an inch 
wide. When the flame bums steadily, hold this strip 
across Ihe top of the wick in the flame for an instant^ 
and you will find it scorched only where it was 
toached by the outside fihn of flame. 

Take a piece of writing paper, about half the size of 
this page, hold it flatways a little distance abore the 
point of the flame, but not so as to smoke the paper ; 
then steadily yet quickly lower the paper to the wick, 
hold it there until it appears scorched upon its upper 
side; then remove it, and you will find the scorch in 
the form of a ring, inclosing a spot of paper white and 
unharmed. This result could not ensue if the flame 
were a volume of fire throughout its whole extent. 

The flame of the taper assumes its beautiful pointed 
or myrtle-leafed shape, in consequence of the rapid 
ascent of the air around the wax to form the cup 
already mentioned; the air draws ike flame in its 
track, the same as when you apply a lighted taper or 
candle €0 the keyhole of a door. The draught in that 
case, rushing through, uiges the flame in its own 
directi<m. 

When the taper has fairly ^^ burned out," suppose 
you were asked, What has become of the wax ? 

Perhaps you would hardly think it worth your 
while to answer, or you would say that the wax is 
all destroyed and lost. 

Tou must not give such an answer to a chemist, for 
he can prove that the wax is not destroyed, and that 
there is no such thing as destruction at the command 
of man* 
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The burning of the taper, from first to last, is a 
beautiful example of chemical attraction, between the 
elements of the wax and an element of the air. If 
the wax taper be scrupulously weighed, then kindled, 
and allowed ito *'bum out," in the inyisible stream of 
warmth ascending from its flame, a chemist can detect 
and arrest all the elements of the wax, can add them 
together, and reproduce the original weight of the taper. 

The mr contains two elements, the one inducing 
things to burn, and the other preventing them from 
burning; these are called oxygen and nitrogen. They 
are mingled together in such nice proportions that the 
active oxygen^ which, in its pure state, would huny 
every flame, is prevented from doing so by the passive 
nitrogen. 

Wax also contains a small portion of oxygen^ com- 
bined with two combustible elements, called hydrogen 
and carbon. These three elements of the wax would 
remain united for ages in the form of a taper, without 
changing their mechanical or chemical attractions, if 
carefully preserved from heat. 

'V'ery little heat, however, will destroy the attraction 
of cohesion of the wax, and melt, or render it^liquid; 
more heat will render this vaporous, and then the ele- 
ments, oxygen^ hydrogen^ and carbon, part company, 
«na assume new chemical arrangements. 

The oxygen of the surrounding air presents itself to 

ighly-heated vapour, induces and supports its 

ustion by combining with the hydrogen to form 

> and with the carbon and oxygen of the wax to 

orm carbonic acid. The nitrogen of the air, having 

^ attraction for the elements of the wax under thelbo 
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circumstances, is liberated, and rises with the products 
of combustion. 

You can hardlj credit that the taper undergoes this 
strange metamorphosis, but it is perfectly true that 
water and carbonic acid are the products of its com- 
bustion, and I will tell you how they may be detected. 

Invert a clean dry tumbler and hold its mouth over 
the flame, and you will soon find its interior dimmed 
with moisture, because the oxygen and the hydrogen^ 
at the moment of their union by combustion, produce 
highly-heated steamy or vapour of water, which the 
cold tumbler condenses into dew^ or liquid foater^ 
exactly the same as in our former experiment, when 
evaporating the solution of sulphate of iron. 

By this simple proceeding, you discover the water, 
but not the carbonic acid, because that will not con- 
dense by any degree of cold which you have the means 
of applying. 

I must therefore inform you of a test that chemists 
employ for its detection; this is called lime-mater^ and 
may be formed as follows. 

Obtain a lump of good quick-lime about the size of 
a walnut, wrap it in a piece of clean paper, and crush 
it to powder with a hammer; place this powder in a 
clean glass phial containing half a pint of water; cork 
the phial closely, shake it briskly two or three times, 
let it remain quiet until next day, and then you will 
observe the greater part of the lime as a white sedi- 
ment at the bottom of the phial, and the water above 
it perfectly bright and clear. 

Taking care not to shake the phial, remove the cork 
gently, and slowly pour into another perfectly clean 
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and dry phial (as carefully as the butler would decant 
a bottle of '^old crusted port") as much of the dear 
water as you can without disturbing the sediment; 
then cork the phial, and preserre the Ume^waier £ox 
employment as a test of the presence of earbonic add, 
as f<^owB. 

Turn a tumbler upside down, and hold it with its 
mouth over the flame of the taper; a deposition of 
water upon the interior of the glass will ensue as 
before; still hold it in this position, but lift it a little, 
and coyer its mouth with a large card; then place the 
tumbler upon the table in its usual position, the card 
being uppermost. 

Uncork the bottle of lime-water, slide the card a 
little away from the mouth of the tumbler, and quickly 
pour into it about a table-spoonful of the lime-water; 
this being done, slide the card orer again, hold it 
firmly, and shake the tumbler up and down for a few 
•econds, and you will find the lime-water become milk- 
white. 

The reason of this is that the tumbler contained 
carbonic acid, which you prerented fkom escaping by 
coTering ^th the card, and lime has a strong che- 
»iical attraction, or affinity, for that substance, so that 
^ en poured into it and gently agitated, a compound 
ofO^^^' acid and lime is formed, caUed a car6ona/« 
a fin ' ^. *^^ being insoluble in water, precipUaies as 
a ten p ^^ P^^der. lime-water, therefore, is called 

fVat Presence of carbonic acid* 

combusti *^^ ^^^honic acid are the producU of thd 
«»«Mmd^ ^^ *^® **P^' ^^^ "* dissipated in the 
^^ '^r, aii4 elude ordinary detection; but by 
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experiments, similar in principle to tliose wbich you 
hare made, only conducted with great .chemical skill, 
these products can be collected and weighed, and the 
oonclnsion drawn, that no destruction ensues during 
combustion. 

That carbon, or charcoal, is one of the elements of 
the wax, is erident bj the soot which the flame will 
deposit upon the bottom of a saucer held oyer it; the 
saucer chills the hot carbon and prerents it from 
uniting with the oxygen, or, in other words, prerents 
it from burning; and whenerer you see a flame eyolr- 
ing much black smoke, you may infer that carbon is 
passing off unbumt. 

Remark the brilliant and smokeless flame of a 
dining-table lamp or *^ Argand lamp.**^ 

The wick of this is not a bunch, but a hollow 
cylinder or pipe of cotton, so arranged in the oil 
cistern that air may rush to feed the ring of flame 
internally and externally at the same time, and thus 
bum all the carbon of the oiL This rush of air is 
materially assisted by the tall glass cylinder or 
chimney, which creates what is commonly called a 
"strong draught." 

The inflammable elements of the oil being th\is 
completely burned, nothing but hot steam and carbonic 
acid can escape at the top of the chimney. 

Fold a cloth around the air-holes of the lamp, and 
the flame will instantly become dull and smoky; or 
remove the glass chimney, and the same thing will , 
' happen, because the full, perfect, and rapid rush of air 
in either case is prevented, and the whole inflammable 
matter cannot be burned. 
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Why is the flame of the taper of a pale-blue colour 
around the lower part of the wick, and deep-jellow 
around its upper part? 

This is a curious subject of inquiry, and I will 
endeavour to explain it in the most familiar terms. 

The elements of the wax are oxygen^ hydrogen^ and 
carbon; the two latter are mainly concerned in causing 
the difference of colour or light between the lower and 
upper parts of the flame. 

Chemists can obtain the element hydrogen abso- 
lutely pure^ and it is found to bum with a flame so 
pale as hardly to be visible in broad daylight, and it is 
thus non-luminous, because the product of its com- 
bustion is merely the vapour of water; but hydrogen, 
artificially combined with carbon^ as in coal gas, or 
naturally combined with carbon, as in wax, is exceed- 
ingly luminous, because, during its combustion, the 
carbon is diffused throughout the flame in a white-hot 
solid form, before it burns into carbonic acid gas. 

When a solid substance is thus diffused throughout 
a flame, it is said to undergo ignition. I wish you 
clearly to understand the meaning of this term, for 
many well-educated persons employ it synonymously 
with combustion^ whereas the two phenomena are per- 
fectly distinct. 

Ignition denotes the emission of light from a solid 
substance intensely heated; and it by no means follows 
that the substance should sustain a chemical change, 
though such change frequently ensues. 

Combustion denotes the emission of light and heat 
from various substances, which invariably sustain 
curious and complete changes, producing compounds. 



IGNITION. 77 

Ton can make experiments in illustration of these 
matters. Stick a small ball of cotton on the end of a 
knitting needle, soak the cotton in spirits of wine 
or strong brandy, hold the end of the needle in your 
hand, and kindle the spirit; it will burn with a pale- 
blue flame. 

In your other hand hold a small lump of quick- 
lime, a few inches above the flame, and, by the pres- 
sure of your finger and thumb, gradually crumble the 
lime into dust, so that it may fall through the flame, 
the light of which will be immediately increased. 

This is an example of the ignition of a solid and 
incomhtisiible substance, unaccompanied by chemical 
change; for the lime, after haying fallen through the 
flame, is exactly of the same composition as before, 
and if you collect its dust, and drop it through the 
flame again and again, it will alw^s become ignited 
and evolve light. 

Take a pinch of the very finest charcoal powder 
that you can obtain between your finger and thumb, 
and having lighted a pale spirit flame as before, let 
the fine powdei? gradually fall into it. The light will 
be increased, but you will find very little of the 
charcoal fall quite through the flame as the whole of 
the lime did, and if you' collect what does so, and 
again drop it into the flame, perhaps it will entirely 
vanish. 

This experiment is an example of the ignition and 
combustion of a solid combustible substance, accom- 
panied by chemical change. The moment that the 
charcoal falls into the flame, it undergoes ignition and 
evolves light, as did the lime; but, being a combustible 
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•abstanee, unlike the lime, it attracts the oxygen of the 
sanoandtng air, and humt^ or enters into eomhuMlUm^ 
changing into carbonic acid gas ; therefive^ if the ex- 
periment be carefullj made, little or no charcoal will 
fall through or escape the action of the flame. 

But we have not jet arrired at the explanation of 
the blue and yellow colour of the flame of the taper, 
and must make a few more experiments. 
. Hold the point of a fine sewing needle in the hhie 
part of the flame, and you will find that it does not 
become blackened with charcoal or soot, ncnr eren if it 
be held a little higher up, but when held in the 
full bright yellow part of the flame, it will become 
blackened immediately. To understand the reaton of 
this, it must be obserred, that at the lower part of the 
wick, the vapour of the wax first meets with the 
oxygen of the atr^which instantaneouefy bums all the 
carbon into carbonic acid gas without permitting it 
first to undergo ignition^ and therefore none can be 
deposited on the needle point. The blue flame closely 
resembles that of spirits of wine, also containing eat* 
bon, which is all suddenly burned without ignition. 

But in the upper part of the flame, the vapour of 
the wax gains, comparatively speaking, a limited 
quantity of oxygen, which allows time for the carbon 
to become ignited, diffused, and to evolve Hght, (as 
is proved by the abundance in which it deposits on 
the needle point), and having done so, it burns or 
enters into combustion, producing carbonic acid gas. 

If you merely blow gently upon the flame of the 
taper, you will find its light diminished, because you 
thus introduce air, and suddenly burn the whole of the 
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€arboii. And although I haye stated that ahundance 
of air is necessary for the perfect combustion of the 
oil in an "Argand lamp," yet some skill is required to 
apportion it rightly, so that, on the one hand, carbon 
may not escape unconsumed in the form of smoke, 
and, on the other hand^ that it may not be so suddenly 
and completely consumedy preyious to tgnitum, as to 
emit but blue light. 

,At the illumination of cities upon occasions of 
public festiyitieS) if there be no strong wind^ beautiful 
devices may be seen, Kghted with gas^ burning with 
steadiness, and shedding a brilliant light, because the 
igniiion and the annbustum of the carbon of the gas 
pr6ceed with as much precision as they do in the flame 
of the wax taper. 

If the night happen to be windy, or if a draught of 
air rush up a street, you find that the flames flicker, 
become pale-blue, and shed scarcely any light, because 
the air, in such undue quantity, perfectly burns the 
whole of the carbon so suddenly, that it cannot pre- 
viously undergo the ignition upon whidk the evolution 
of light depends* 

I must here conclude my observations regarding 
the nature of flame, and proceed to other matters 
equally capable of affording useful information. 
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CHAPTER VI. 

SLSMSNTS OF WOOD. OXYGEN, HYDROGEN, AND CARBON. VBOB- 
TABLE AND ANIMAL SUBSTANCES. IVORY AND BONE. PHOSPHATE 
OP LIMB. SILVER. BRASS. ALLOYS. COMPOSITION OP FLINT- 
GLASS. BLACK-LEAD PENCILS. INDIA-RUBBER, WAPBR6. RED 
AND BLACK SEALINQ-WAX. SHELL-LAC. LACQUER. VARNISH. 
VENICE TURPENTINE. VERMILION. LAMP-BLACK. RED AND 
BLACK VARNISH. COININO. ELECTRICAL ATTRACTION AND RE- 
PULSION. CONDUCTORS AND NON-CONDUCTORS. ELECTRIC LIGHT. 
ELECTRICAL EXCITATION. ELECTROSCOPE. CONCLUSION. 

"What are the elements of the wood of which " The 
Writing-Desk" is made ? If the chemist can analyse 
wax, surely he can analyse wood ! 

Such is the case, and he discovers that all kinds of 
wood consist of the same elements as wax, namely, — 
oxygen^ hydrogen^ and carbon. 

The proportions^ or weights^ of these three elements 
in wood are not quite the same as in wax, for wax con- 
tains more hydrogen; but they are so singularly ad- 
justed, that the oxygen and hydrogen are in the* exact 
proportions to constitute water. The chemist, there- 
fore, may call n^ood^ a compound of water and charcoal. 
One hundred parts of wood, accurately analysed, 
yield fifty parts of water and fifty parts of charcoal. 

It is an extraordinary, but nevertheless a true, con- 
clusion to draw, that wood is actually composed ofjfuel 
*^^Jire^ and of water for its extinction, 

■**aper is made for the most part from linen rags, 
^nd the threads of these were spun from flax, a vege- 
•9.ble substance, as truly wood^ chemically speaking, as 
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tHe wood of the writing-desk, the ruler, the knife- 
handle, or the cedar pencil, only a much finer fibre. 
The reduction of these rags to pulp, during paper- 
making, did not change the relations of their chemical 
elements or composition; it has only broken them up 
into a state of exceedingly minute mechanical diyision. 

A sheet of white blotting paper is really nothing 
more than a thin leaf of wood; and good strong paper 
has actually been manufactured from common wood 
shavings, beaten up into a pulp ! 

If you thrust a bit of wood into a dull fire, it scorches^ 
or blackens, proving that it contains charcoal; and &. 
slip of paper will do the same, because the heat, though 
not sufficient to burn them with flame, is sufficient to 
decompose them both. You would hardly have sus- 
pected that the while paper contained black charcoal as 
one of its elements. 

The elements of the quill-pen are the same as those 
of the wax, the wood, and the paper, with the addition 
of nitrogen. 

If you bum a bit of wood, it emits a smell of vine- 
gar; if you bum a pen, it emits a smell of harts- 
horn. 

Neither the vinegar nor the hartshorn existed in the 
tvood and paper; but, by the action of heat, they are 
produced by a new arrangement of the elements oxi^- 
gen^ hydrogen^ and carbon^ in the one case, and of 
oxygen^ hydrogen^ carbon^ and nitrogen^ in the other. 

Most animal substances contain nitrogen; but tallow, 
butter, spermaceti, and lamp oil are exceptions; hence 
they can be used as sources of light, without evolving 
a disagreeable odour. 

WD G 



82 THE WRITING-DESK. 

The sizey or gekUtne^ employed in paper-makiBg, is 
aa animal substance, of exactly the same chemical 
composition as the quiU-pen; so that writing paper 
may be called a compound of vegetable and animal 
matter. The printing-ink that conreys this informa- 
tion is carbon, or lamp smoke, mixed with oil; so that 
four elements^ oxygen^ hydrogen^ nitrogen^ and carbon^ 
constitute this little Yolume, and erery other that has 
issued from the press. 

The flesh of your fingers consists of the same ele- 
ments as the pen they hold, and the paper upon which 
you write; and the hones of your fingers consist of the 
same elements as the ivory knife with which you fold 
the sheet 

What are these elements of irory and bone? 

The j^vr already mentioned, and two others, the 
one a metal^ called calcium^ the other an inflammable^ 
called phosphorus. 

You will scarcely belieye that the phosphorus on the 
tips of the "lucifers" was extracted from bones; but 
such is the chemical fact, and there are rery few other 
sources of this curious inflammable element. 

At the moment of lighting a lucifer, you obserre a 
little white sm5ke; this is produced by the sudden 
union of the phosphorus with the oxygen of the air, 
and, being an acid compound, it is called phosphoric 
acid. 

Chemists have discorered that the metal calcium will 
combine with oxygen^ and produce, not an acid^ but an 
earthy substance, of exactly the same composition as 
quick-lime; they haye further discoyered that phos^ 
phoric acid and quick-lime^ though both compounds^ will 
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combine and produce a yet more compound substance, 
exactly similar in composition to the nfhite ash that 
remains when, a bone is burnt in the fire. This is 
named phosphate of lime^ and is the hardening prin- 
ciple of the bones of man and all the higher order of 
animals; whilst the oxygen^ hydrogen^ nitrogen^ and 
carbon^ are united as gelatine in the bones to toughen^ 
or bind together the hardening principle, and thus give 
strength to the skeleton. 

These are most wonderful results, and well calcu- 
lated to excite our admiration. The important consi- 
derations to which they gire rise, would occupy Tolumes 
for their details. 

Accurate analysis proyes that the air we breathe 
consists chiefly of oxygen and nitrogen^ mingled with a 
small quantity of carbonic acid gas and the vapour of 
fvater. These last-named compounds respectiyely con- 
tain carbon and hydrogen; therefore we attain the 
startling conclusion, that the air contains precisely the 
same elements as those which, in other proportions, 
constitute the leaves of all vegetables^ and the Jlesh ci 
all animals. 

Now let us return more immediately to the contents 
of the writing-desk. We haye not yet noticed a beau- 
tiful little silver stand for the support of the wax 
taper. 

Of what does silver consist ? 

The chemist cannot answer this question; he cannot 
analyse siiyer, for it, in comnfon with all other metals, 
is an element of whose composition he is ignorant. 

Siiyer is called a noble metal, because it endures 
melting and heating without undergoing any change of 
G2 
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its splendour. Gold^ likewise, has the same appella- 
tion; but coppery lead^ and some other metals, are 
called base metals^ because they cannot sustain melting 
and heating without tarnishing. 

The tops of the two glasses in the writing*desk, for 
holding ink and pounce, are made of coppery and then 
coyered or plaied with a thin leaf of silver. 

The writing-desk is bound with brass at the comers. 
It has also a brass *^ name plate," handles, lock, and 
^^ drawer pin." Brass is not a metallic element, but a 
compound of two metals, namely, copper and zinc. It 
is called an alloy; and a silver taper stand, generally 
speaking, does not consist of absolutely pure or element 
tary silvery but of silver alloyed with a very small 
proportion of copper, to give it strength and hardness^ 
for pure silver is a very soft metal. 

Shillings and sovereigns do not consist of the ab- 
solutely pure metals silver and gold, but contain a 
little copper, to enable them to resist the wear and 
tear consequent upon their circulation in commercial 
transactions. 

We must not forget the glasses for ink and pounce. 
Glass is not an element, but a compound of other com- 
pounds, namely, sandy pearlashy and red-lead. These 
are three substances of very different natures; sand 
is gritty and tasteless, pear lash is soft and bums the 
tongue, red-lead is soft, tasteless, and poisonous. 

The chemical name for sand is silicay derived from 
the Latin word silexy signifying Jlint; the chemical 
name for pearlash is carbonate of potashy signifying a 
compound of carbonic acid with potash; and the 
''hemical name for red-lead is oxide of leady signifying 
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a compound of oncygen with lead; but it would take 
me far beyond the limits prescribed for our present 
inquiry if I attempted to detail all the properties of 
these three compounds. 

It will be sufficient for my purpose to state, that 
these ingredients may be powdered, rubbed, or pressed 
by any mechanical means, and they will remain a 
mere mixture; if this be heated in a strong furnace, 
a different result will be obtained. 

The ingredients partly change their composition, in 
consequence of carbonic acid escaping from the pearl- 
ash, and a portion of oxygen from the red-lead; thus 
potash is liberated, and an oxide of lead remains, 
having less oxygen than red-lead; these unite with 
the sand by chemical attraction, and melt into a 
compound, which may be blown as easily as you can 
blow bubbles of soap-lather, but which, when cold, 
becomes hard, brittle, and transparent glass. 

These glasses in the writing-desk are blown from 
melted glass, into a square metal mould, and are after- 
wards made beautifully smooth by a process called 
" glass-cutting." 

This kind of glass is popularly called ^^ flint-glass," 
from the circumstance of finely-powdered flint baying 
been originally used in its production, before manufac- 
turers were aware that sand would answer the same 
purpose. 

The weight, beauty, and brilliancy of this glass, 
which is used for decanters, wine-glasses, salt-cellars, 
chandeliers, and lustres, depend upon the large quan- 
tity of the oxide of lead that it contains. 

You might infer the "black lead" of the pencil, from 
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its name, to he some compound of the metal lead; bnt 
sncli is not the case, for the chemist proves the black 
substance to be the element, carbon, in a state of great 
purity. 

" Black lead* is scientifically named Graphiie, from 
the Ch-eek, on account of its common employment for 
writing and drawing; it is found in large lumps in the 
earth, especially at Borrodale, in Cumberland. These 
lumps, being sorted according to their purity and soft- 
ness, are sawn into slips, which are placed in groores 
made in strips of cedar, and confined by other plain 
strips glued over them. 

The cedar cases, thus prepared, are nicely rounded 
by means of proper planes, and are sold as '^ black- 
lead pencils,^^ of yarious degrees of hardness. 

Cedar is selected on account of its pleasant fra-^ 
grance, and its extreme softness, so that a keen pen- 
knife suffers no injury in cutting or trimming the 
pencil to a point. 

" India-rubber,* or "caoutchouc," is a natural com- 
pound of carbon and hydrogen, chiefly obtained from 
a foreign tree, called the Jatropha elasiica. 

This substance is singularly elastic, and capable of 
many useful applications on this account, and also 
from its insolubility in water; hence its employment 
for *^ waterproofing " articles of dress. The use of 
India-rubber in the writing-desk is for the remoyal 
of black-lead pencil-marks, because its attraction for 
graphite is stronger than that of the paper. 

Amongst the other contents of the writing-desk I 
must notice the white wafers, which are Tery useful 
for fastening loose sbeets of paper together, though 
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some people employ them for closing the enrelopes of 
letters; but this, except in "" the hurry of business,^ is 
a slovenly practice. 

It is said, that in the excitement of a nayal engage- 
ment, a celebrated commander retired to his cabin for 
a few moments to indite a despatch of importance. 
A boy, whom he had ordered to bring a lighted candle 
for the purpose of sealing it, was killed by a shot at 
the moment of entering the cabin door, and the candle 
was extinguished in its fall from his hand. An officer 
standing by presented a box of wafers to the com- 
mander, who refused to employ them, remarking, that 
a letter so closed, would appear a hurried despatch; he 
therefore waited until another lighted candle was pro- 
cured, and then employed sealing-wax, as he origi- 
nally intended to haye done, and impressed it with his 
seal of armorial bearings. 

Wafers are made of tiiin wheaten flour paste. The 
workman suddenly presses a portion of this between 
two flat and polished iron plates, jointed together like 
a pair of lemon squeezers, called ^wafer-tongs;" he 
then holds it, thus flattened, oyer a glowing Are for a 
few seconds to ^^set the paste ;'*^ and afterwards, upon 
separating the tongs, a sheet of polished white wafer 
falls out, about four times the size of this printed 
page. 

Several sheets being thus made, they are laid upon 
each other like the pages of this book; and then the 
workman, with a long hollow punch, something like a 
gun punch, used by sportsmen for punching wadding, 
cuts them all through at once, into as many round 
pieces as there are square sheets. He next applies the 
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punch to another part of the sheets, and cuts as many 
more, and so continues until erery part of them is 
made into wafers, irith as little waste as possible. 

Black, red, yellow, and blue wafers are made by 
adding to the white paste, lamp-black, yermilion, red- 
lead, gamboge, and indigo; marbled wafers are made 
by imperfectly mixing the above colours in any pro- 
portions suited to the fancy. Transparent wafers are 
cut from thin sheets of yariously-coloured gelatine. 

That beautiful and useful substance, called '^sealing- 
wax," is made by melting together certain proportions 
of shell-lac and Venice turpentine^ adding a little 
vermilion for red, and lamp-black for black wax. 

A portion of this mixture is, whilst warm, rolled 
upon a hot marble slab into a cylindrical stick, then 
cut into sticks of proper length, polished by a clear 
glowing charcoal fire; and lastly, marked with the 
maker's name, or other design, by an engrared stamp. 

" Wel Brand en vast Houd*" was the motto of 
the Dutch sealing-wax makers, and I believe that 
sealing-wax was originally manufactured in Holland. 

Oval sticks of sealing-wax are cast in proper moulds. 

I must give you some little account of the materials 
employed in the manufacture of sealing-wax; and first 
regarding shell-lac. 

Upon some trees in oriental nations, the labours of 
certain insects encrust the twigs with a resinous sub- 
stance called stick-lac; this, broken from the twigs, 
forms little lumps about the size of pepper-corns, and 
is called seed-lac. Either kind, when melted and cast 



* Bum well and hold fast. 
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upon smooth cold surfaces, forms thin hrittle sheets 
of a brownish-yellow colour, which are called shell-lac. 

Chemistry teaches us that shell-laCy in common with 
all other substances which are classed under the title 
of resins^ consists of oxygen^ carbon^ and hydrogen^ 
the latter being yery predominant, and therefore the 
cause of great combustibility. 

If you obtain a small piece of shell-lac, and hold a 
comer of it in the flame of the taper, you will find it 
kindle and continue burning yery steadily with a fine 
clear light; but a bit of common rosin^ similarly held 
in the flame, will only melt. 

Now, common sealing-wax is often mixed with 
rosin for cheapness; and wheneyer you find a stick 
of sealing-wax melt very quickly, without burning 
well whilst you are sealing a letter, you may suspect 
that it contains rosin. 

It must not be concluded from this, that rosin is 
absolutely incombustible; because if you powder a por- 
tion, and dust it through the flame of a candle, it will 
bum with a fierce flame. By the act of powdering 
you oyercome the attraction of cohesion, and allow 
each atom of the powder to be suddenly and per- 
fectly heated, and conyerted into vapour when thrown 
into, the flame. 

Shell-lac does not require this mechanical destruc- 
tion of its aggregation before it will bum, and hence 
the advantage of its employment in the best sealing- 
wax. 

Shell-lac will not dissolve in water, but is very 
soluble in spirits of wine; such solution is technically 
called lacquer^ and is used as a coating to prevent 



90 THE WRITING-DESK. 

metal work from tamisliing; thus all the brass work 
of the writing^esk is lacquered. 

Other resins added to lacquer cause it to become 
thicker, and then it constitutes a varnish^ or palish, 
for wood-work. The writing-desk is either Tarnished 
or polished; thus the capillarj pores are filled up with 
a substance insoluble in water or ink, so that either, 
when spilt upon the desk, may be wiped awaj witK a 
sponge, and leave no trace behind. If spirit of wine 
be spilt upon the Tarnish or polish, it immediately 
dissolyes the resinous matter, and upon wiping it 
^way the bare wood appears. 

^veral well-known articles of the toilet consist of 
strong spirits of wine perfumed with the essences of 
flowers. They are not simply water perfumed, as the 
names might lead you to imagine; and a beautifolly 
polished writing-desk may be completely spoiled by 
accidentally leaving on it, a handkerchief moistened 
with "lavender water" or *'eau de Cologne." 

Shell-lac, alone, would be too brittle for sealing-wax, 
and therefore Venice turpentine is added to give tena- 
city. This is a thick clammy combustible substance, 
obtained by drilling the wood of the larch; it is often 
mingled with shell-lac and other resins to prevent 
varnish from cracking. 

Vermilim is a compound of the combustible ele- 
ment sulphur^ or brimstone^ and the metallic element 
mercury^ or quicksilver; it is thus named, from the 
Italian, on account of its red colour, but its chemical 
name is eulphuret of mercury. It may be formed 
artificially, by heating its elements together with cer- 
tain precautions, but frequently occurs as a mincval 
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product, in sach purity as to require merely powdering 
and sifting, to render it fit for incorporation with the 
shell-lac and Venice turpentine, to form red sealing- 
wax. 

For black sealing-wax, lamp-black is nsed, which is 
an excessiyely fine and light form of charcoal, formerly 
exclusiyely obtained by collecting the soot or smoke of 
ill-trimmed lamps; hence the origin of its name. 

But large quantities of black are now furnished by 
the smoke arising from the imperfect combustion of 
refuse oily and resinous matters. The smoke is con- 
ducted into chambers hung full of old canyass or 
sacking, upon which the ^'black^^ settles; and when 
in sufficient quantity, it is brushed o£^ and packed 
into yarious-sized paper parcels for sale. 

Lamp-black, as I haye already stated, is the basis of 
printer's ink, and of all black paints, for it mixes well 
with oil or water, and is, therefore, used in oil or size 
painting. 

Bed and black yamish can be made from the two 
kinds of sealing-wax, by taking two ounce phials, 
nearly frill of spirits of wine or strong brandy, and 
putting half a stick of either wax into each, corking 
them close, aM leaying them for a day or two, shaking 
them occasionally. You will find both kinds of wax 
dissolye; and the yamish produced may be applied 
with a camel-hair brush to yarious surfaces of wood, 
glass, metal, or paper. It dries yexy quickly, and has 
a fine gloss. 

The operation of sealing a letter is so well known, 
that I need not describe it; but I may inform you that 
it illustrates, to some extent, the process of coining. 
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The initials on the brass '^ wafer stamp" are engrayed, 
or sunk, as it is technically called, in intaglio; the 
impression that it yields is raised, or is in relievo. So 
the steel block, called a die^ which is used in coinage, 
is sunk in intaglio^ and strikes a coin in relievo. But 
a coin has two sides, the obverse and the reverse. 

How are these produced ? 

You can illustrate the matter thus. Take two wafer 
stamps; let one stand upon its handle; light a stick of 
sealing-wax, and drop some of it, w^en melted, upon 
the engrayed design; then, before the wax chills, press 
the engrayed design of the other stamp upon it, and 
after a few seconds, draw the stamps apart, and you 
will obtain the wax with an impression on both sides, 
exactly like the obyerse and reyerse of a coin, or, as 
the boys say, with ^^ head and tail." 

Thus, in coining, two dies are used; and the plain 
disc or '^ blank ^^ of gold, silver, or copper being placed 
between them, they are suddenly and violently squeezed 
together, and the impression is struck on both sides 
at once. The pressure also forces the precious metals 
into a little circle engrayed around one of the dies, and 
thus produces the '' milled edge." 

Good sealing-wax is yery hard, much harder than 
lead; so, if you make a good impression, and coyer it 
with a clean, flat, leaden ^' dump,^^ you may strike this 
a sharp blow with a hammer, which will not break the 
seal, but compel it to transfer its impression to the 
lead in intaglio^ which may be used as a stamp or seal, 
to obtain an ordinaxy impression in relievo. 

Another pretty experiment may be made, by scraping 
red sealing-wax yery fine with a knife, and then rub- 
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bing its dust into the initials of a wafer stamp or an 
engraved seal. 

If you then press either, so charged, upon very hot 
black sealing-wax, itwillmelt out the red, and the 
impression will appear with red initials beautifully and 
firmly fixed on a black ground. 

Whilst scraping the red wax for this purpose, you 
will find its scrapings and dust stick strongly to the 
knife; or, if you rub the sealing-wax on your coat 
sleeve, and then hold it near some little bits of paper, 
or paper ashes, they will jump firom the writing-desk 
and cling to the wax; but they will not do so before 
the wax is rubbed. 

If you have a bit of amber, (which is a fossil resin, 
while the sealing-wax is mostly composed of recent 
resin,) and rub it in the same way, you will find it 
will also attract the bits of paper. 

Amber was known to do this many ages ago; and 
in consequence of the Greek name for amber being 
elektroTiy this attractive power is called electrical at- 
traction. A large stick of good red sealing-wax presents 
you with it in perfection; and upon this simple fact 
depends the whole of a vast and beautiful science 
called Electricity^ of which you must have heard, 

I cannot tell you much about it, but you can make 
the following electrical experiments, which are simple 
and instructive. 

Rub the sealing-wax upon your coat sleeve, or with 
a bit of fine new flannel, folded like a " kettle holder," 
and quite dried and warmed before the fire. 

The rubbing or friction excites electricity, as it ex- 
cited chemical attraction and flame in the lucifers. 
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Hold the sealing-wax near jonr face, and jon will 
feel a sensation, as though a fine thread of the goasa- 
mer spider were tickling joo. An j loose hain will 
also be attracted by the wax. 

Take a little bit of the plume of the pen, or a reiy 
small downy feather is better, and hang it from a thin 
gold thread, such as ladies use for embroidering purses; 
rub the sealing-wax again, and bring it near the feather; 
the feather instantly moves and sticks to the wax. 

Hang another feather from a single thread of white 
silk, and bring the wax near it. The feather does the 
same for a moment, and then mores away, or is re- 
pelledj and you cannot entice it to stidk to the sealing 
wax again. 

This is very like the behayiour of our little magnetic 
swan, who was first attracted and then repelled; only 
here it matters not which end of the wax you present. 

Draw the stick of sealing-wax reiy gently through 
your hand, and then try if it will attract or repel any of 
these light things; no, its power is lost, and philo- 
sophers have discoTered, that electricity has the pro- 
perty of passing quietly through the hand, or, in other 
words, is conducted through it You know, if you 
hold your hand before the fire it becomes warm; the 
heat is conducted through the skin. And again, if you 
hold the tip of a steel pen in the fiame of the taper, 
you soon feel the heat at the other end, because the 
metal conducts heat, and so it will electricity, though 
you cannot feel it. 

Bub the stick of sealing-wax again, and it will 
attract the feather; then move a steel pen gently all 
oyer the wax, and again there will be no attraction, 
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because the steel lias conducted away the electricity 
to your hand. Its quantity being small, you cannot 
feel it; but you must infer that something has passed. 

Bub the stick of sealing-wax again, and let it remain 
a few seconds in the &uinel rubber, then take it out, 
and you will £nd that it will attract the feather; and 
so it will after lying a few seconds on a warm white 
silk handkerchief. Such being the case, you infer that 
neither the flannel nor the silk can conduct electricity 
like your hand or the steel pen. 

The first feather is hung from a metal thread, and 
therefore, when the stick of rubbed wax, or the excited 
waa^ as electricians say, is brought near, it attracts the 
feather, and the feather will stick to it until the metal 
thread has drawn or conducted away all the electricity. 

The second feather is hung from a silk thread, and 
therefore, when the excited wax is brought near it, the 
feather is suddenly attracted; but the silk, being ft noii- 
conductoTy cannot carry the electricity to your hand as 
did the metal thread. The feather, thus chaxged, im- 
mediately mores away, or is repeUedy in order to seek 
some conductor that can relieve it of electricity; the 
air cannot do so, but your hand or the steel pen can; 
and if to the repulsiye feather, you present either, it 
will suddenly cling to them until they have conducted 
away the chaise, and then the feather drops away, and 
hangs as indifferent as at first. 

Rub the stick of sealing-wax once more, and let it 
repd the feather; then present the rubbed surface of 
the flannel, and it is instantly attracted; or, if first 
repelled by the flannel, it will be attracted by the wax; 
60 that these attractions and repulsions bear a yerj 
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close resemblance to those you examined with the 
compass needle; and many eminent philosophers think 
they shall succeed in proving that both are e£Pects of 
the same cause. 

If you rub the sealing-wax with the flannel in a 
perfectly dark room, and then touch it with your 
fingers, you will perceive little flashes of pale blue 
light dart towards them with a crackling noise. 

This luminous appearance is called the Electric Lights 
and it depends upon the electricity of the excited 
sealing-wax discharging itself to the fingers^ which 
act as conductors. 

Sealing-wax is not a conductor of electricity, and 
accordingly, when excited, the electricity remains upon 
its surface, until you present it to the cut paper, or 
paper ashes, and are thus enabled to attract them. If 
the sealing-wax conducted electricity, it would not 
remain upon the surface, but would instantly escape 
to your hand; so that, after all the rubbing, no signs 
of attraction would be manifested. 

Sealing-wax, amber, shell-lac, rosin, sulphur, glass, 
dry paper, dry wood, and many other substances that 
exhibit signs of electrical excitation by mere friction, 
are called Electrics^ a term synonymous with that of 
Non-Conductors. 

Metals, alloys, charcoal, water, damp paper, damp 
wood, the hand, and many other substances that do 
not exhibit signs of electrical excitation by mere fric- 
tion, are called Non- Electrics^ a term synonymous 
with that of Conductors. 

Thus, if you take your silver pencil-case, or a copper 
penny piece, or the brass pin of the drawer of the 
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writing-desk, and fab them with flannel as long as jou 
choose, you will find that thej do not attract the cut 
paper, or paper ashes. 

You must not hastily conclude from such experi- 
ments, that the silver, copper, and brass are utterly 
incapable of being electrically excited; for the fact is, 
that they do become excited, but being conductors, 
they instantly transmit the electricity to your hand, 
and its effects are lost. 

If you hold a metal by a non-conductor, and then 
rub it, you will discover that it does become excited, 
and the following is a very simple method of making 
the experiment. 

Select an old copper penny piece, and, after rubbing 
it bright with fine ^^ glass paper," place it upon the 
hot bar of the fire-grate, until it will fairly melt a bit of 
sealing-wax; then slide it dexterously upon a card, 
and thus supported, remove it to the table. 

Bub the end of a stick of sealing-wax upon the 
upper side of the penny piece, so as to cover it entirely, 
vfith a coating rather thicker than a shilling; and 
lastly, hold the remainder of the stick of sealing-wax 
upright in the centre of this, until it is cold enough to 
stand alone. By this proceeding you have firmly 
attached a conducting metal to a non-condticiing handle. 
Hold this as you would the handle of a wafer-stamp, 
and rub the bright side of the penny piece, to and fro, 
Bix or eight times, upon a piece of warm flannel, once 
or twice folded, and laid flat upon the table: having 
done so, and still holding the sealing-wax handle^ lift 
the penny piece from the flannel and present it to 

WD H 
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some paper ashes, and you will find them powerfuUy 
attracted. 

In this experiment, rememher you have not nihbed 
the sealing-wax, hut the copper coin, which has be- 
come electrically excited. The electricity can neither 
escape from it through the flannel nor through the 
sealing-wax, as they are non-conductors; and the 
metal thus insulated^ to use a scientific term, is com- 
pelled to retain the electricity, until you present the 
paper ashes for its escape. 

Your silver pencil-case, or the brass pin of the 
drawer, if insulated at the end of a stick of sealing- 
wax, and then rubbed with warm flannel, would ex- 
hibit similar electrical power; but you cannot perform 
the experiment so certainly with them, as with the 
penny piece, for they are apt to break away from the 
sealing-wax during the rubbing. 

Delicate instruments, called eleclroscopeSy have been 
constructed to shew that all substances become elec- 
trical by friction, if care be taken to insulate them, 
and so prevent the electricity from eluding detection. 

You may immediately prove that glass is an electric 
and a non-conductor, like sealing-wax, by rubbing the 
pounce glass on warm flannel, and then presenting it 
to the paper ashes. 

If the sealing-wax, glass, or flannel, be slightly 
damp, you cannot obtain electrical excitation, because 
water is a conductor, not equal to a metal certainly, 
but sufficiently good to prevent the electricity from 
remaining upon the rubbed surfaces; therefore every- 
thing must be perfectly dry to ensure success in ihe 
foregoing and following experiments. 
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Open a sheet of " foolscap paper," and let it dry 
perfectly before the fire; then close it, place it flat 
upon the dry top of the writing-desk, and rub it 
sharply for a few seconds with a large piece of India- 
rubber. 

Having done so, try to lift the sheet of paper from 
the writing-desk, and you will And it adhere with 
considerable force. If you lift it up a little, and then 
let go, it flies back and adheres again, so strongly 
indeed, that you may slide the writing-desk close to 
the edge of the table, and then fiurly open it, and 
still the sheet of paper will not ML for some seconds, 
although presented to the floor in this position. 

In this pretty experiment, by rubbing the paper, 
electrical attraction is so powerfully excited between 
it and the wood of the writing-desk, as actually to 
oppose the attraction of gravitation. In other words, 
the paper will not fall, until it has lost its electricity 
in the surrounding air, which contains moisture. 

I have told you that metals and alloys are con- 
ductors of electricity, and, therefore, you may think it 
strange, that the paper thus becomes electrically 
excited, when placed directly upon the brass ^^name- 
plate" of the writing-desk. You may say. Why does 
it not conduct away the electricity? 

Because the brass "name-plate" is let into dry 
wood, which is by no means a good conductor. In 
other words, the brass plate is insulated by the dry 
wood, almost as effectually as the penny piece is 
insulated by the sealing-wax: therefore it can only 
conduct the very little electricity from the spot of 
paper that it really touches. 

H2 
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MoreoTer, the wood of the top of the desk is ren- 
dered an exceedingly bad conductor, almost a non- 
conductor, by the thick resinous coating of varnish or 
polish, and, therefore, cannot conduct the electricitj 
of the paper; indeed, so good an electric is the polished 
top of the writing-desk, that if you rub it with the 
warm flannel it will attract the paper ashes. 

Warm the sheet of ^' foolscap paper" and rub it on 
the top of the writing-desk with India-rubber, as 
before; then snatch it off, and you will hear a crack- 
ling noise, and again if you suddenly open the sheet. 
This is due to the escape of the electricity, and if you 
nAake the experiment in a perfectly dark room, you 
will observe brilliant flashes of electric light, darting 
across the paper. 

Excite the sheet of paper once more, then open it 
near small feathers, cut paper, or paper ashes, any 
of which will be powerfully attracted and cling to its 
surface. 

Now out the sheet of paper in half; dry each hal^ 
place one upon the top of the writing -4esk, cover it 
with the other, and rub this with India-rubber, for a 
few seconds; then lift both together from the top of 
the writing-desk, hold a comer of each, in either hand, 
separate them, approximate them, and they will 
attract each other forcibly, and cling together. 

Proceed as before, and when you separate the half 
sheets, hold their inner sides near the wall; they will 
dy from your hands, and stick perfectly flat against it 
until they have discharged their electricity, then they 
obey gravitation and fall. 

Heat the knob of the brass ^' drawer pin" in the fire, 



ELECTRICITY. 101 

and thrust it into the middle of a small stick of 
sealing-wax, so that, when cold, you can stick the 
point of the pin in the hole of the drawer, and thus 
support the sealing-wax like the letter T. Place 
the writing-desk in such a position as will allow you 
to pull out the drawer a little beyond the table. 

Let the end of the sealing-wax farthest firom the 
writing-desk be lighted, until you have again excited 
the half sheets of paper. Then blow out the flame, 
separate the half sheets, and bring either near the 
melted wax, which will be so powerfully attracted, 
as to spin forth, in delicately fine threads, and cover 
the paper like red or black wool, according to the 
sealing-wax that you employ. 

By holding the back of the paper thus covered to 
the fire, the heat will melt the spun wax, and fix it 
firmly. 

Take half a quire of "Bath paper;" dry the sheets 
separately, then arrange them again together as the 
half quire; lay this upon the top of the writing-desk, 
and rub the upper half of the outside sheet with 
India-rubber, for about half a minute. Open the 
writing-desk, and you will find that the paper will 
not readily fall, but that some little force is required 
to pull it away. 

The sheets of paper also adhere to each other so 
strongly that they cannot be quickly separated, like 
those of a copy book, and when separated they will 
instantly rush together again, if they escape from your 
fingers in turning them over. If you make this 
experiment in a perfectly dark room, the sheets or 
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paper will be brilliantly illuminated with flashes of 
electric light. 

Such experiments prore that electrical attraction 
takes place with considerable force, and you can 
make a very simple arrangement, to discover that it 
affects things much hearier than the small feathers, 
or cut paper, or paper ashes. 

Cut the black lead of a hard pencil into a yery fine 
point, and the other end Sufficiently taper to fit, and 
stand upright in, the hole for the ^ drawer pin" of the 
writing-desk. 

Select a goose quill with a large plume, accurately 
balance its stem across the edge of the penknife blade, 
and by slight pressure, cause the edge to mark the 
stem. 

With the point of the penknife bore a hole in the 
marked part of the stem, not quite through, but just 
till the point touches the other side, and large enough 
to fit the point of the pencil easily, upon which the 
quill may then be placed, to turn like a weather-cock. 

Upon bringing the excited sealing-wax, glass, or 
paper, near the plume of this balanced quill, it will be 
attracted round and round, with the greatest facility ; 
in fiict it constitutes a rude electroscope. 

This is the principle of one of the most refined 
instruments for shewing the feeblest excitation of 
electricity. 
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We have now ransacked the contents of the writing- 
desk, and returned to the quill, with which the in- 
quiry commenced. I trust that our investigations will 
have furnished mj readers with some useful and 
attractive scientific information. 

Mj ohject has heen to shew you that many heautiful 
and instructive experiments can be made without 
costly and complicated apparatus; thus all the leading 
facts of Attraction have been illustrated by writing 
materials. The inquiry could be much extended; but 
to use the quaint expression of some letter-writers, 
"my paper warns me to conclude," and I therefore 
close 
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